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1: INTRODUCTION AND RECAP OF PRE-1990TREATMENT STANDARDS 

The Hazardous and Solid Waste Amendments of 1984 (HSWA) imposedwbstantialnew 
responsibilities on those who handle hazardous wastes, including stringent new restrictions on 

the land disposal of hazardous wastes and associated treatment residuals. 

This document, prepared by the U.S.Wronmental Protection Agency (EPA),Office 

of Solid Waste (OSW), provides EPA's approach for implementing the Land Disposal 

Restrictions (LDR) Program both in terms of how treatment standards were developed for earlier 

rules and, also, how EPA intends to collect and evaluate treatment data to develop treatment 

standards on future rules. Section 2 presents the Quality Assurance Project Plan used to evaluate 

treatment data collected past and present for the LDR Program.' Section 3 presents the 

methodology used for establishing treatment standards. Section 4 summarizes the treatment 

stahdards calculated and promulgated for the Solvents and Dioxins Rule, the California List 
Rule, and the First Third, Second Third, and Third Third Rules. 

1.1 neral.- he LDR Pro ram 

The Hazardous and Solid Waste Amendmentsof 1984 (HSWA), enacted on November 8, 

19;84,amended the Resource Conservation and Recovery Act (RCRA) of 1976 in several ways. 

Among other initiatives, the amendments require the EPA to promulgate regulations restricting 

the land disposal of hazardous wastes according to a strict and detailed schedule. This effort is 
gdnerally referred to as the Land Disposal Restrictions Program (LDR). 

In its enactment of HSWA,Congress stated explicitly that "to avoid substantial risk to 

h'iman health and the environment, reliance on land disposal should be minimized or eliminated, 

and land disposal, particularly landfill and surface impoundment, should be the least favored 
m'ethod for managing hazardous waste" (RCRA section 1002(b)Q). Exceptions to the 
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restrictions are intended to be minimal; all waste must be treated unless "it has been 

demonstrated to the Administrator, to a reasonable degree of certainty, that there will be no 

migration of hazardous constituents from the disposal unit or injection zone for as long as the 

wastes remain hazardous"--the so-called "no-migration" demonstration (RCRA section 

3004(d)(l), (e>(l>,(g)(5)).  
3 

Consistent with the comprehensive scope of this program, HSWA's definition of land 
disposal is broad. Land disposal includes but is not limited to "any placement of hazardous 

waste in a landfill, surface impoundment, waste pile, injection well, land treatment facility, salt -
dome formation, salt bed formation, or underground mine or cave" (RCRA section 3004(k)). 
The statute does, however, set different schedules for restricting various categories of waste 

from various types of Iand disposal. 

HSWA grants the Agency substantial flexibility in designing treatment standards to 

implement the program. The standards can require the use of specific treatment "methods" 

(technologies), or they can be stated as numerical performance standards (Le., required 

concentration-based levels of treatment), as long as they "substantially diminish the toxicity of 
the waste or substantially reduce the likelihood of migration of hazardous constituents from the 

waste so that short-term and long-term threats to human health and the environment are 

minimized" (RCRA section 3004(m)(1)). In exercising this flexibility, EPA prefers, wherever 

possible, to establish numerical performance standards based on the constituent concentration in 

the treatment residual rather than to require the use of specific treatment methods. The Agency 

believes that concentration-based treatment standards offer the regulated community greater 
flexibility to develop and implement compliance strategies. Such standards also provide an 

incentive to develop innovative technologies, whereas, if this standard is established as a method 

of treatment, the regulated community must apply for a variance to use an alternative treatment 

technology, such as a new and innovative technology that was not available when the rule for 
a specific waste code was promulgated. 

k 
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EPA is not required to establish unique standards for each waste code. In some 
instances, variations in physical or chemical characteristics within a single waste code may 

require the establishment of multiple treatment standards for that single code. In many cases, 

similarities among wastes may allow the Agency to set a-single treatment standard to cover 

rnu'ltiple waste codes. RCRA requires the Agency to make a land disposal prohibition 

determination for any hazardous waste that is newly identified or listed in 40CFR Part 261 after 

Noyember 8, 1984, such as the mineral processing wastes removed from the Bevill Exclusion 

and [he additional Toxicity Characteristic wastes (55FR 11798), within 6 months of the date of 

identification or listing (RCRA section 3004(g)(4)). 

Originally HSWA set a strict and detailed schedule for establishing treatment standards, 

based generally on priorities related to the volume and intrinsic hazards of different types of 
wastes. Two groups received early attention: (1) solvent and dioxin wastes, to be regulated 

wiihin 24 months of HSWA's passage, and (2) the so-called "California List" wastes, to be 

regulated within 32 months. The solventldioxinwaste group identified in HSWA includes those 

solvent wastes covered under waste codes F001, F002,F003,F W ,and F005, as well as the 

didxin-containing wastes covered under waste codes F020,F021, F022, and F023 (RCRA 

sektion 3004(3)).* 

The California List wastes, a group of wastes originally listed by the State of California 

and adopted intact within HSWA, include liquid hazardous wastes containing metals, free 

cyanides, polychlorinated biphenyls (PCBs), corrosives @H less than or equal to 2.0), and any 

liquid or nonliquid hazardous waste containing halogenated organic compounds (HOCs) above 

0.1 percent by weight. 
-

* The final dioxin regulation also established treatment standards for F026, F027, and F028. 
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Priorities for all other hazardous wastes listed under RCRA section 3001 were established 

separately, based on considerations of volume and intrinsic hazard, in a formal schedule 

submitted to Congress on November 8, 1986 (RCRA section 3004(g)(l)). This schedule 

required all LDR regulations for these listed wastes to be in place by May 8, 1990. Consistent 

with the requirements of HSWA,EPA divided all other listed hazardous wastes into three groups 

(the "Thirds"), to be regulated in successive stages over a period of 66 months from the passage 

of HSWA on November 8, 1984. Furthermore, if EPA failed to set a treatment standard in the 

first or second third of the schedule, the wastes could be disposed of only in accordance with 

the."soft hammer" provisions, such as the requirement for disposal in a landfill or surface 

impoundment unit that met the minimum technological requirements specified in RCRA section 
3004(0) for new facilities (RCRA section 3004(g)(6)). If EPA failed to set a treatment standard 

for any scheduled hazardous waste by May 8, 1990, the soft hammer provisions would then be 

superseded by the hard hammer provisions, which automatically prohibited all forms of dis-posal 

on May 8, 1990, unless the wastes are the subject of a successful "no migration" demonstration 

(RCRA section 3004(g)(6)). 

The overall completion schedule for the LDR Program for the wastes specifically listed 

in HSWA was as follows: 

. Solvents and Dioxins: Final standards promulgated on November 7, 1986. 
:J 

California List wastes: Final standards promulgated on July 8, 1987. 

"First Third" scheduled wastes: Final standards promulgated on August 8, 1988. 

"Second Third" scheduled wastes: Final standards promulgated on June 8, 1989. 

"Third Third" scheduled wastes: Final standards promulgated on May 8, 1990. 

Under the Third Third Rule, EPA granted an extension of the effective date until May 8, 

1992, for certain First, Second, and Third Third contaminated Soil and debris for which the 
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treatment standards are based on incineration, vitrification, or mercury retorting, �PA also 
granted a national capacity variance for inorganic solids debris Contaminated with DO04 through 

DO11 wastes. In addition, ’&PA has granted a 2-year national capacity variance to all inorganic 

solids debris and to all soil and debris contaminated With RCWradioactive wastes (Le., mixed 
wastes). 

Factors that must be taken into account when graging any exceptions to this program 
reflect the basic &ionale of the program itself. Before it can allow a waste to continue to be 

disposed of in or on the land, EPA must consider the following: 

1 .  The long-term uncertainties associated with land disposal; 

2. The goal of managing hazardous waste in an appropriate manner; and 

3. 	 The persistence, toxicity, mobility, and propensity to bioaccumulate of such 
hazardous wastes and their hazardous constituents. 

Develonment of Oual’tv Assuran vi  u Ne ion of 
Data for BDAT Program 

To collect data of known quality to generate the treatment standards, EPA has developed 

a generic quality assurance project plan for the collection of treatment data. Originally the 

Generic Qualiry Assurance Project Planfor Land Disposal Restrictions Program (“BDAT“)was 

pubIished in March 1987(EPAl530-SW-87-011)and is referred to hereafter as the March 1987 

generic quality assurance project plan. This document established specific quality assurance and 

qudity control parameters for assessing the quality of the data collected specifically for the LDR 
Program, collected for other EPA programs, or submitted by industry for consideration in the 

development of the BDAT standards. 
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Section 2 of this Background Document replaces the March 1987 generic quality 
assurance project plan; it is being distributed separately in order to facilitate dissemination. For 

collection of data for contaminated soil and debris under the LDR Program, EPA developed a 

separate quality assurance project plan entitled QwZity Assurance Project Plan for 

Characrerimion Sampling and Trement Tests Conductedfor the Contaminated Soil and Debris 
d 

(CSD)Program, November 8, 1990. 

1.2,l. EPA Data Collected from BDAT Sampling and Analysis Program 
c 


EPA’s Office of Solid Waste (EPAIOSW) and Office of Research and Development 
(EPA/ORD) conducted treatment tests for the listed wastes at (1) the facilities of waste 

generators that also treat the waste;. (2) commercial facilities (Le., treatment, storage, and 

disposal facilities (TSDFs)) that treat the waste of interest; and (3) EPA or commercial facilities 

with pilot-scale treatment systems. The data were collected following the March 1987 generic 

quality assurance project plan and formed the basis for calculating the numerical treatment 

standards calculated in the First, Second, and Third Thirds rulemaking. I 

( I )  Data sources used to identifv treatment faciiitiq. All available in-house data were 

assessed to identify waste codes for which inadequate treatment data existed. EPA used a 
L

number of sources to identify facilities that treat andlor generate these selected waste codes. The 

sources included the following: 

1988 National Survey of Treatment, Storage, Disposal, and Recycling Facilities 
(TSDR Survey); 

Stanfofd Research Institute’s (SRI)Directory of Chemical Procedures; 

1986 National Screening Survey of TSDFs; 

Industry Studies Data Base; and 
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Hazardous Waste Data Management System (HWDMS). 

In addition, trade associations were contacted to solicit their assistance in identifying facilities 
. . .  , 

for EPA to consider in. .its&atment sampling program. 
. i 

A. 1 ~ , . ,  , , .. -... ., .~ .. ., .:t 

..:... , . , ,~ ?. .,. < I ., ...- -, , 

A hierarchy of types 'of plants " k p l e .for collection of 
.", .' -., .. 3 . - 5 , .  ,

shed that was consistent with the regulatory approach described 
.
.,"* , i/"..*. I I , .  . . - .  in the preamble to th er 7, 1986, L h d  Disposal Restrictions Rule for Solvents and 

1 

, I +,. r 

Dioxins. The hierarc ility selection was as follows: 

1. 	 Generatorhater. This facility type was the best choice. This typeof facility would 
most likely treat the waste by itself or as a significant percentage component of a 
waste mixture and would most likely optimize treatment parameters for the wzste of 
interest since it routinely treats the waste. 

2. 	 Commercial facility or TSDF. This facility type was second choice. This type of 
facility would be familiar with treatment of a particular waste type, and would be 
able to optimize treatment parameters and demonstrate the technology under "full-
scale" conditions. 

3. EPA or commercial pilot-scale treatment units. This was the last choice. This type 
. 	 of facility would be able to demonstrate the performance of the treatment system; 

however, it does not "routinely" treat the waste of concern or similar waste and, 
therefore, may have problems optimizing the treatment parameters. In addition, it 
is not a "full-scale" operation. 

Final plant selection was affected by the type of treatment, if any, available at 

generator/treater facilities; the types of treatment technologies used at TSDFs; the composition 

of the waste stream at the facility (Le., whether the waste of concern constitutes a significant 

portion of the waste stream); the design and operation of the technologies; whether the facility 

layout is conducive to sampling; whether the treatment system is full-scale or pilot-scale; and 

statutory time constraints. 
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(3) Treatment tests. The purpose of the treatment tests was to obtain data of known 

quality for listed waste codes for which inadequate treatment data existed. For these waste 7 

. codes, all treatment technologies currently used by generators, as well as all applicable treatment 

technologies, were evaluated. Final selection of the treatment system to be tested-was 

determined on the basis of which applicable treatment systems could be considered to be 

demonstrated for the waste of iqterest. 3 

(4) Re&art of a Iin r m .  For each treatment test, a 

site-specific sampling and analysis plan (SAP) was prepared. The SAP provided the site-specific 3 
details concerning the sampling points, sampling procedures, frequency of collection, 

constituents of interest, analytical methods, quality control checks, operational parameters, and 

frequency of data collection. 
-1 

Upon completion of the sampling and analysis activities, an onsite engineering report 

summarizing all data pertinent to the evaluation of the treatment system for the listed wastes was 

developed. The onsite engineering report included the following: I] 

Description of the waste; 

Description of the treatment system, including all pertinent design parameters; 
L 

Summary of the operating data; 

Summary of the sample collection activities, especially any deviations or 
modifications from the SAP and the rationale for their implementation; 

Summary of all analytical data;.and 

Summary of all pertinent quality control data, especially analytical results for 
precision and accuracy. 

25454107.01\005 1-8 



- 1.2.2 Other EPA Data 

EPA obtained and evaluated data from other programs, especially from EPA's Industrial 

Technblogy Division, for settiirg the Best Available Technology Economically Achievable 

standark for point%rce discl&ges td<receiviniu;8ters or publicly owned 'kktment works 
*",' A i . %  

1 ' '  I' 	 (POTWS~: These ere dwd, #"$flicient infannation was available, to determine that the 

waste"& i%fis&&%f inte&$%&@&dta&~lf%eated, the treatment sptem could be 

identifkd, and fie '&tment sysgm &ld be determined to be well-operated. Available 

informafhri on an&l$t.~&lmethodsa%&&ditycontrbl indicators (e.g., matrix spikes, duplicates, 

blanks) were also evaluated. 

1.2.3 Industry-Supplied Data 

For the LDR Program, EPA solicited treatment data from facilities for consideration in 

the development of the BDAT standards. Facilities were requested to follow the procedures 

documented in Sections 3 and 4 of the March 1987 generic quality assurance project plan. 

Facilities were also requested to supply design, operating, and analytical data for both untreated 

waste and treatment residuals, which included quality control dah that could be used to 

determine the precision and accuracy of the analytical data and the analytical proceduredmethods 

used. 


1.3 Develooment of Methodoloev to Calculate Previous Treatment Standards 

The framework for the methodology used to calculate treatment standards for the LDR 

Program was published in the Solvents and Dioxins Rule promulgated on November 7, 1986. 
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1.3.1 Evaluation of Data 

In the November 7,1986, Solvents and Dioxins Rule, EPA stated, "The Agency will not 
establish treatment standards using performance data that are determined not to be representative 

of a well-designed and well-operated treatment system" (FR40590). Ideally, for all treatment 

data, the associated design and operating data should be evaluated. However, because treatment 

performance data are hit&, engineering judgment based on a comparison of constituent 

concentrations before and af'ter treatment may be used to determine whether the data reflect a 

well-designed and well-operated treatment system. 

EPA promulgated the use of a statistical outlier test (Appendix A) and an analysis of 

variance test (ANOVA) to provide a method to evaluate whether there is a statistical difference 

between the data sets, or whether the data sets are homogeneous and can be evaluated together 

(Appendix B). The analysis of variance is used to evaluate data from two or more treatment 

technologies where data from two or more different wastes with the same constituents need to 

be treated differently. 

A comprehensive discussion of these statistical methods can be found in detail in  many 
statistics texts, e.g., Stahtical Concepts and Methods, Bhattacharyya and Johnson, (1977, John 

Wiley Publications, New York). 

Based on the statistical evaluation of the data, the best demonstrated available technology 
(BDAT)could be determined. 

1.3.2 Calculation of Treatment Standards 

The treatment standards for each waste code are based on data from (1) actual 

performance data for the waste code; (2) transfer of performance data based on similar waste 
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characteristics; or (3) a specific treatment technology if sufficient data are not available to 

calculate a concentration-based standard. 

Based on -&ie;data avd-ablebforthe selezted BDAT, a treatment standard could be 

calculated- EPA b.incorporatedi a method to aceount for process variabiiity (including 

variability that ~MyrbieattribuEd*Josamphg md:analyticalpraoesses). The equation for the 

variabiliq facton~as~:ptoposed ifor!the Solvents and Dioxins Rulei n i ~ ~ i N o t i O e q & ~ v ~ % t y  

and prtlmulgated kdhe Novernber-7, I986;mde:~~%hkquationhas also been used to calculate 

variability factors$us:the - develapment of nW‘mmz%rnles ih the Effluent Guidelines Program 

under the C I m  Water Act. The use of a variability factor was determined not to be a 

“relaxation” of the requirements in RCRA 3004(m), but rather a function of the normal 

variability of the treatment processes. A treatment facility would have to be designed to meet 

the (meanachievable treatment performance level rather than the treatment standard to ensure that 

the iperformance level remains within the limits of the treatment standard. 

To determine BDAT and to calculate the concentration-based standards, EPA used the 

approach discussed above. All available data were evaluated to determine whether they could 

be used in the rulemaking for each waste code. 

It should be noted that under the Solvents and Dioxins Rule, EPA required the use of the 

Toxicity Characteristic Leaching Procedure (TCLP) to determine whether a waste requires 
treatment or whether a tr&ted waste meets the applicable treatment standards. However, in 

subsequent rulemakings, EPA used a total constituent analysis as the basis for treatment 

standards if the BDAT was a destruction or removal technology, used TCLP only if the BDAT 

was an immobilizationtechnology, and used both totalconstituentand TCLP analysis to measure 

performance if the BDAT was a recovery technology. 
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1.4 Data Collection and Evaluation of Post-1990Treatment Standara 

Section 2 is the second edition of the 1987 GenericQuality Assurance Project Plan for 
the land disposal restrictions program. The; are the data requkments for newly listed wastes 

standards. 

Sectioe 3 presents the methodology used to calculate treatment standards for the LDR 
“ . F A  3. 

Program. 
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2. 	 QUALITY ASSURANCE PROJECT PLAN FOR LAND 
DISPOSAL RESTRICTIONS PROGRAM 

~-
.Under the land Disposal Restrictions Program (LDR), a document entitled Generic 

Quality Assurance Project Plan for Land Disposal Restrictions Program ("BDAT") was 

developed and puM%hed in Mtuch 1987 (E;PM~&SWJS~-@~I)<. A "Project Plan"describes the 

QA/QC activities-"& any singli$BPA da&%c&ction pmg~arpp-suckas developing LDRs. This 
3 %  

document semes the updat&to &at projW:pkn md@Wk�& additional clarification and 

guidance for collection of t rammt  test data fM%heLD'R PibgAtaA by EPA and by others such 

as industry or research organizations. 

2.1 	 Overview of OA ConceDts and Procedures Involved in Generating Data for 
Land DisDosal Restrictions Standards 

�PA is soliciting data on treatability of a variety of hazardous wastes as discussed in the 

May 30, 1991, Federal Register and subsequent notices. Although EPA will examine any waste 

treatment data submitted, data generated and presented according to the requirements of this 

Project Plan are less likely to be rejected for use in developing treatment standards because of 

data quality problems. 

I 
Quality assurandquality control (QMQC)is the body of administrative and technical 

procedures used to generate analytical chemical data which both accurately reflect the 

compositions of the waste streams involved and also include a subset of data verifying the 

validity of the results plus data characterizing the performance of the treatment system. 

QA/QC requirements can be expressed in two different contexts: substantively as those 

procedures a laboratory must carry out to generate acceptable data or conceptually as data 

quality indicators (or objectives) which represent important factors to consider in planning for 
or evaluating data quality. The QA/QC Methodology Background Document (QMBD) discusses 
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conceptual QA/QC requirements at length: this handbook focuses on substantive Q N Q C  

requirements such as laboratory procedures and documentation requirements. 

The major substantive QA/QC requirements forgenerating data, which must be discussed 

in test-specific plans and reports, are the following: 
A % 

SamDIe Hadling 

Documentab! of basis for selecting sample point. 


Documentation that SW-846sample preservation procedures were followed, 


Documentation that chain-of-custody procedures were followed. 


SamDle Analvsb 

Instrument calibration: documentation of instrument calibration procedures. 


Availability of calibration reagents. 


Blanks: results of analysis of field, laboratory, and trip blanks, clearly labeled. 


Matrix spike duplicates: results of matrix spike duplicate analyses performed on one 

sample from every set of samples from a single sampling point or one of every 20 

samples. 


Detection limits: verified detection limits of 1 ppm in treatment residual matrices 

or documentation of attempts to reach these detection limits. 


Clear designation of analytical results on raw and untreated waste samples, including 

documentation of quantitative results of all method-specific QC procedures for each 

sample whose results are reported. 


I 
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Data ReDorting Forma� 

0 	 Documents for'reporthg results in a standard format: Sampling and Analysis Plan 
(SAP) and Onsite! Engineering Report (Om]. 4,'A 

c 


" s ,I, ** LC- ,? 

QA/QC requirements for rep0 on treatment technology operating conditions are to , 
be developed on atreatment test by treatment test basis defined in theSAP. The operating 

.A t 

conditions and design paramete-I to>


type of technology and the various e 

EPA welcomes opportunities to evaluate ,draft SAPSor OERs from a commenter wishing to 

submit treatability data. A potential commenter's concerns about developing the appropriate 


format for treatment system design and operation data can be readily resolved once the 


commenter initiates contact with EPA by requesting review at any preliminary level of SAP or 
OER development. 

One element of analytical QA/QC, which has assumed a new role in the post-Thirds 

BDAT program, is the analytical detection limit. As of the publication of the First Update to 

the Third Edition of SW-846,the definition of the detection limit in SW-846is changing from 

the 1986Third Edition (Zero Update) defihition: this definition is becoming more quantitatively 

rigorous. Detection limits are important because they are frequently the basis of numerical 

standards; thus, the definition of the detection limit can profoundly affect the magnitude of the 

sundard. 

The 1986 Third Edition (Zero Update) definition in Chapter One, which sets baseline 

QA/QC requirements for all SW-846procedures, that is, the method detection limit (MDL) is 

three times the standard deviation of the average noise level divided by the slope of the 

calibration line generated with solutions of known quantities of the analyte in question. The 

1991 First Update to the Third Edition defines the MDL as the product of the standard deviation 

(from at least three analyses of a matrix spiked with the analyte of interest at a level believed 
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to be near the detection level) and the t-statistic (one-sided, 99 percent level of probability, 

chosen as a function of the number of analyses). 

For both the 1986 and the 1991 versions, some of the methods themselves have more 

rigorous detection limits definitions which are spelled out in the QMQC heading of the method 

chapter itself. The First Update changes to the Chapter One global QNQC requirements for 
all SW-846methods do not invalidate any of the method-specific requirements, but rather they 

make the chapter-specific QA/QC requirements more uniform among each other by bringing 

them up to a higher degree of rigor, 

An acceptable data package will generally consist of two documents: the Sampling and 

Analysis Plan (SAP)and the Onsite Engineering Report (OER). The exception is the case where 

the data has already been generated; in this case the organization submitting the data will do well 

to study the contents of a good SAP as presented in Section 2.2, but their data must be arranged 

in the OER format presented in Section 2.3. 

The SAP describes how the raw and treated waste will be sampled, preserved, shipped, 

and analyzed. It includes a table assigning a unique code to each sample, duplicate and blank, 

a description and justification of each sampling point, the preparations, spikes, replicates, and 

analyses to be performed plus provisions for documenting the chain of custody and for 
assembling documentation of these sampling and analytical procedures as they are actually 

performed. 

The OER is the summary of these samplings and analyses results and is essentially 

documentation (both tabular and narrative) of how the activities planned in the SAP were carried 

out in reality. Listing and discussing deviations from the SAP, which occurred in the course-

of these activities, is an important part of the OER. 
. 

t 

n 

3 

f! 


3 
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2.1.1 Data Quality Objectives 

The overall objective for the BDAT Program's sampling' and analysis efforts is to 

produce welldocumented data of known quality that can be used to determine the best 
" ..L - - 5  . > r  

demonstrated available technologies for the'vkious lis&.*w@tesand t~ develop BDATtreabrnent 

standards for these wastes. 

1 ,..*e !@- - -,,a-.

The treatment data, Le., data resulting from treatment tests,@onsist of theTp&ts ofa a= &w'
d

aialytical tests results of the composition of the untreated wastes and the treatment rgauals. 

The treatment data, which are the concentrations of hazardous constituents, can then be used to 

evaluate the performance of the technology on the listed hazardous waste. 

The constituents to be quantified in the BDAT Program investigations are presented in 

Table 2-1. This list is updated periodically as additional information is obtained on the 

analytical procedures used to measure the hazardous constituents listed in Appendix VIII. The 

untreated wastes and treatment residual should be screened for most of the BDAT constituents 

to'determine which constituents are present or were formed;which constituents were treated (or 
fo,rmedduring ,treatment); -and which constituents should be regulated. 

The data quality for analytical measurements of the BDAT list constituents in raw waste 

and in treated waste residuals are primarily assessed by means of the following indicators: 

analytical method detection limits, precision, and accuracy; and special QA/QC documentation 

requirements apply. Each of these indicators is discussed in detail below. 

(1) Detection limib. Matrix detection limits should be calculated for the untreated 

wastes and each treatment residual sample, following the procedures given in Test M e f Wfor 
Evaluating Solid Waste (SW-8461,Third Edition (USEPA 1986),where applicable. If samples 

ate diluted, the matrix detection limit should be calculated as the detection limit for the particulk 
matrix times the dilution factor. 
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Table 2-1 BDAT Constituent List 

BDAT 
reference 

Constituent CAS no. . no. 

3 
Volatile oreanlcs 

1-<,

Acetone x-:.. 6744-1 222 
Acetonitrile 
Acrolein 
Acrylonitrile 
Benzene 
Bromodichlommeth-e 
Bromomethane 
n-Butyl alcohol 
Carbon tetrachloride 
Carbon disulfide 
Chlorobenzene 
2-Chlor0-1,3-butadiene* 
Chlorodibromomethane 
Chloroethanc 
2-Chloroethyl fhyl ether 
Chloroform 
Chloromethane 
3-Chloropropene 
1,2-Dibromo-3-chloroproprmc 

I ,2-Dibromoeth-e 

Dihromomethane 

*t rms-1 4-Dichloro-2-but~!le 
Dichlorodifluoromethsnc 
1.1-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethylene 
trans-1.2-Dichloroethae 
1,2-Dichloroprope 
trans-1,3-Dichloropmpe 
cis-l,3-Dichlompropcoc 
1,4-Dioxane 
(Deleted-24hoxydlaflOl) 
Ethyl acetate 
Ethyl benzene 
Ethyl cyanide 
Ethyl ether 
Ethyl methacrylate 
Ethylene oxide 
lodomethane 

25254107.01\005 

75-05-8 1 
1074-8  2 .  

-1 107-13-1 3 .. 
7143-2 4 
75-274 
74-83-9 6 
71-36-3 223 
56-23-5 7 
75-15-0 8 
108-90-7 9 
126-99-8 
124-48-1 11 
7540-3 12 
110-75-8 13 
6746-3 

' 
14 

74-87-3 
107-05-1 16 
96-12-8 17 
106-93-4 18 
74-95-3 19 
110-57-6 
75-71-8 21 
75-34-3 22 
107-06-2 23 
75-35-4 24 
156-60-5 
78-87-5 26 
10061-02-6 27 
10061-01-5 28 
123-91-1 29 
110-80-5 224 
141-78-6 225 
100-41-4 226 
107-12-0 
60-29-7 227 
97-63-2 31 
75-21-8 214 
74-88-4 1 

32 
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Table 2-1 (Continued) 

Isobutyl alcohol 

Methanol* 

Methyl ethyl ketone 

Methyl isobutyl ketone 

Methyl methacrylate 

Methacrylonitrile 

Methylene chloride 

(Deleted-2-Nitroprope) 

Pyridine 

1,l. 1,2-TetracMoroethane 

l11,2,2-Tetrachloroethane 

Tetrachloroetheae 

Toluene 

Tr!bromomethone (BromOfofiU) 

1,l.I -Trichlorathane 

1, t ,2-Trichloroethane 

Tnchloroethene 

Tnchloromonofluommethaae 

1.2.3-Trichloropro~~ 
1.1,2-Trichloro-1,2,2-trifluoroethnne 
Vihyl chloride 
1,2-Xylene 
1,3-Xylene 
1.4-Xylene 

Semivolatile Omanics-

Acenapthalene 

Acenaphthene 

Acetophenone 

Acrylanude* 

2-Acetylam.hofluonne 

4-Aminobiphenyl 

Aniline 

Anthracene 

Ammite* 

Benz(a)mthracaJe 

Benzal chloride' 

Benzenethiol* 
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78-83-1 33 
67-561 228 
78-93-3 34 . 

108-10-1 229 
8042-6 35 
126-98-7 ' 37 
75-09-2 38 
79-46-9 230 
110-86-1 39 
630-26-6 40 
79-34-6 41 
127-184 42 
108-88-3 43 
75-25-2 44 
71-55-6 45 
79-00-5 46 
79-01-6 47 
75-694 48 
96-18-4 49 
76-13-1 231 
75-014 50 
9747-6 215 
108-38-3 216 
106-44-5 217 

208-96-8 51 
83-32-9 52 
96-862 53 
79-06-1 233 
53-96-3 54 
92-67-1 55 
62-53-3 56 

' 120-12-7 57 
140-57-8 58 
56-55-3 59 
98-87-3 218 
108-98-5 60 
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Table 2-1 (Continued) 

(Deleted-Benzidine) * '  = 
Benzo(s)pyme 
Benzo(b)fluomntheae 
Ben=( ghi)perylme 
Benm(lc)fluorPnthene 
p-Benzoquinone* 
B i s ( 2 c h l o r & y o x y ) ~ e  
Bis(2-chloroethyl)cth~ 
Bis(2-chloroisoprapyl)ether 
Bis(2ethylhexyl)phthal~ 
4-Bromophenyl phenyl ether 
Butyl benzyl phthalate 
2-sec-Butyl-4,6dinitrophm0l 

p-Chloroaniline 
Chlorobenzilate* 
p-Chloro-mcresol 
2-Chloronapthalene 
2-Chlorophenol 
(Deleted-3chloropropioNtnle) 

Chrysene 
o-Cresol 
p-Cresol 
CycI ohexanone* 
Dibenz(a,h)anthracene 
Dibenzo(a,e)pyrene* 
(Deleted-Dibenzo(s,ilpynne) 
m-Dichlorobenzene 
o-Dichlorobenzene 
p-D ichlorobentene 
3.3 '-DichIorobentidk* 
cis-1,4-Dichlor0-2-bu~~* 
2,4-Dichlorophenol 
2,6-Dichloropheaol 
Diethyl phthalate 
3,3'-Dimethoxybenddi* 
p-Di methy l a m i n o a z o b *  
3,3'-Dimethylbenridi* 

. 	2.4-Dimethylphmol 
Dimethyl phthalste 

t 


92-87-5 61 
50-32-8 62 
205-99-2 63 
191-24-2 . 

207-08-9 
64 
65 

.I. 
106-51-4 66 
111-91-1 67 
111-444 68 
39638-32-9 69 
117-81-7 70 
101-55-3 71 
85-68-7 72 
88-85-7 73 
106-47-8 74 
510-15-6 75 
59-50-7 76 
91-58-7 77 
95-57-8 78 
542-76-7 79 
218-01-9 80 
95-48-7 81 
1064-5 82 
108-94-1 232 
53-70-3 83 
192-65-4 -. 84 
189-55-9 85 
541-73-1 86 
95-50-1 87 
10646-7 88 
9 1-94-1 89 
1476-11-5 234 
120-83-2 90 
87-65-0 91 
84-66-2 92 
119-904 93 
60-1 1-7 94 
119-93-7 95 
105-67-9 96 
131-11-3 97 
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Table 2-1 (Continued) 

Constituent 

Semivolatile Oreanics (continued) 

Di-n-butyl phthalate 
1.4-Dinitrobenzene 
4.6-Dinitro-ocresol 
2.4-Dini trophenol 

% 2,4-Dinitrotoluene 
2.6-Dinitrotoluene 
Di-n-octyl phthalate 
Di-n-propylnitrosPminc 
Diphenylamine -
Diphenylnitrosarnine 
1,2-Diphenylhydrazine 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadine 
Hexachlorocyclopentiene* 
Hexachloroethane 
Hexachlorphene* 
Hexachloropropene 
Indeno(1.2.3-cd)pyrene 
Isosafrole 
Methapyrilene 
3-Methylcholanthrene 
4,4 '-Methylenebis(2-chloroPailhe) 
Methyl methanesulfomte 
Naphthalene 
1,4-Naphthoquinone* 
1-Napthylamine* 
2-Napthylamine* 
p-Nitroaniline 
Nitrobenzene 
4-Nitrophenol 
NLNi trosodi-n-butylde 
N-Ni trosodiethylamine 
*N-Nitrosodimethylarnine 
N ;Ni t rosomethy lethylamine 
N-N it rosomorpholine 
N-Nitrosopipendine 

- N-Nitrosopyrrolidine 

BDAT 
reference 

CAS no. no. 

84-74-2 98 
100-25-4 ' 99 
534-52-1 loo .' 

5 1-28-5 101 
121-14-2 102 
606-20-2 103 
117-844 104 

' 	62147-7 105 . 

122-394 106 
86-304 219 
122-66-7 107 
206-44-0 108 
86-73-7 109 
118-74-1 110 
87-68-3 111 
77474  112 
67-72-1 113 
70-304 114 
1888-71-7 115 
193-39-5 116 
120-58- 1 117 
91-80-5 118 
56-49-5 119 
101-14-4 120 
66-27-3 36 
91-20-3 121 
130-15-4 122 
134-32-7 123 
9 1-59-8 124 
100-014 125 
98-95-3 126 
10042-7 127 
924-16-3 128 
55- 18-5 129 
62-75-9 130 
10595-95-6 131 
59-98-2 132 
100-75-4 133 
930-55-2 134 
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Table 2-1 (Continued) 

Constituent 

Semivolatile Ornanics (Continued) 

5-Nitro+-toluidine 

Pentachlorobenteat 

Pentachloroehe* 

Pentachloronitro-e ' 


Pentachlorophenol 

Phenacetin 

Phenanthrene 

Phenol 

Phthalic anhydride* 

(Deleted-2-Picoline) 

Pronamide 

Pyrene 

Resorcinol* 

Safrole 

1.2.43 -Tetrachlorobentnrc 

2,3.4,6-Tetrachlorophenol 

1,2,4-Trichlorobenzene 
2,4.5-Trichlorophenol 
2,4,6-Trichlorophenol 
Tris(2,3dibromopropyI) phosphate. 

-Metals 

Antimony \ 
AFsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Chromium (hexavalent) 
Copper
Lead 

Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

3 

BDAT 
reference 

CASPO. no. 

99-65-8 135 
608-93-5 136 
76-01-7 137 
8248-8 138 
87-86-5 139 - 7 
6 2 4 - 2  140 ,
85-01-8 141 
108-95-2 142 
8544-9 220 
109-06-8 143 
23950-58-5 144 
129-00-0 145 
10846-3 146 
94-59-7 147 
95-94-3 148 
58-90-2 149 
120-82-1 ,150 
95-954 151 
88-06-2 152 
126-72-7 153 

7440-36-0 .154 
7440-38-2 155 
7440-39-3 156 
744041-7 157 
744043-9 158 
7440-47-3 159 
I 221 . 

7440-50-8 160 
7439-92-1 161 
7439-976 162 
7440-02-0 163 
778249-2 164 * 

7440-22-4 165 
7440-284 166 
7440-62-2 167 
7440666 168 
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Table 2-1 (Continued) 

BDAT 
reference 

Constituent CAS no. no. 

Inorvanics Other Than Metals 

Cyanide 
Fluoride 
Sulfide 

Oreanochlorine Pesticides 

Aldrin 
alpha-BHC 
beta-BHC 
delta-BHC 
g a m - B H C  
Chlordane 
p,p'-DDD 
o,p'-DDD 
p,p'-DDE 
o,p'-DDE 
p,p'-DDT 
o,p'-DDT 
Di'eldrin 
Endosulfan I 
Endosulfan 11 
Endosulfan sulfate 
Endrin 

Endrin aldehyde 

Heptachlor 

Heptachlor epoxide 

Isodrin 

Kepone 

Methoxychlor . 

Toxaphene 


57-12-5 169 
1696448-8 170 
8496-25-8 171 

-

309-2 172 
3 19-84-6 173 
3 19-85-7 174 
3 19-86-6 175 
58-89-9 176 
57-74-9 177 
72-54-8 178 
53-194 235 
72-55-9 179 
3424-82-6 236 
50-29-3 180 
789-02-6 237 
60-57- 1 181 
939-98-8 182 
33213-6-5 183 
103147-8 238 
72-20-8 184 
7421-934 185 
76-44-8 186 
1024-57-3 187 
465-73-6 188 
143-504 189 
7243-5 - 190 
8001-35-2 191 

3 


Phenoxvacetic Acid He* icidq 

2.4 -Dichlorophenoxydc acid 
Silvex 
2,4,5-Trichlorophenoxy~ic=id 

94-75-7 
93-72-1 
93-76-5 . 

192 
193 
194 

D 
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Table 2-1 (Continued) 

BDAT 
reference 

Constituent .~ CAS no. no. 
. . .  

OrPanoohosDhorous Insecticidq 

Disulhn 298444 195 
Famphur 52-85-7 196 
Methyl parathion .- 298-00-0 ’ 197 
Parathion 56-38-2 198 
Phorate 

PCBs 

Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

Dioxins and Furans 

Hexachlorodibakzkflioxh
H e x a c h l o m d i ~ f u n m S  
Pentachlorodibenzo-pdioxh 
P e n t a c h l o r o d i b a l d l ~  
Tetrachlorodiwp-dioxim 
T e t r a c h l o d i b f u n m S
2,3,7,8-Tetmhlorodibp-diOXh 

29842-2 199 3 

12674-11-2 200 
11104-28-2 201 
11141-16-5 202 
53469-21-9 203 
12672-296 204 
11097-69-1 205 
11096-82-5 206 

- 207- 208 

- 209 -- 210211 1 

- 212
1746-01-6 213 

*Because of the maly&l problems associated with tbcse constitumts, their analysis &odd be undertaken only if 
they are suspected to be pmeat in the matrix of interest. For EPA projects, approval for analyzing the specific 
constituents should be obtained from the EPA Project Manager and the designated QA Officer. 
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For the constituents of interest, the detection limit should be at a maximum 1 ppm in the 

matrix to be analyzed. For multicomponent target analysis such as PCDDs and PCDFs, the 

detection limit should be reported in terms of a single isomer. The laboratory should try to 
achieve the lowest detection limit possible for all constituents of interest. Figure 2-1 provides 

a decision tree diagram of the steps that the laboratory must take if a 1-ppm or lower detection 

limit cannot be achieved for all constituents. 

For EPA tests, if a detection limit of 1 Dum or lower cannot be obtained based on the 

amount of sample that will be used for sample extraction, digestion, or other sample preparation 
step, the laboratory is to stop work and immediately contact the Contractor Project Manager or 

hidher designee. At this time, the laboratory should make recommendations on how to proceed 

with the analysis, including recommendations on any additional cleanup methods that could be 

used to eliminate the interference or matrix problems that are preventing the laboratory from 

achieving this data quality objective. The Contractor Project Manager must then immediately 

notify the EPA Project Manager or hidher designee of the problem. The EPA Project Manager 
will then evaluatethe recommendationsand determine whether (1) the laboratory should proceed 

even though a 1-ppm or lower detection limit cannot be achieved; (2) the laboratory should 

implement the additional cleanup techniques to achieve better detection limits; or (3) the work 

should be discontinued since the expected detection limits are not adequate to evaluate treatment 

performance. Note, the laboratory must obtain approval for exceeding the 1-ppm detection limit 

requirement if it has determined by a review of historical data or by a screening technique that 

to achieve better analytical results, the amount of sample to be extracted or digested should be 

reduced from the samplequantity recommended for samples with low constituent concentrations. 

If sufficientsample is extracted or digested such that a detection limit of 1 ppm or lower 

is expected to be achieved for the constituents of interest in the sample, but some constituents 

are present at concentrations greater than the linear range of the calibration curve, then the 

laboratory is authorized to quantify the diluted sample results following each method’s 

procedures without first notifying the Contractor Project Manager that a 1-ppm detection limit 



Sample Analysis 
t L 

Detection limit of 1 ppm tan be 
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for all samples. 
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Figure 2-1 Decision TreeDiagram for Achieving Detection Limit 
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may not be achieved for all constituents in that sample. The laboratory, however, must then 
notify the Contractor Project Manager and EPA Project Manager that the concentration levels 

of some constituents were' high, impacting the detection limits of other constituents. The 
laboratory should make recommendations on additional sample cleanup techniques that may be 

used to achieve better detection limits for these other constituents. 

The matrix detectisn limit'is to be calculated following the procedures given in each 

analytical method. The method detection limit shouid be calculated following the procedures 

givdn in the revised Section 1 of SW-846. The method detection limit is calculated using the 
following equation: 

Method Detection Limit = 6.9s 

where s = the standard deviation calculated from three replicates. 

(2) Precision and accuracy. Precision is defined in terms of the relative percent 

differenceof the matrix spike and the matrix spike duplicate, where applicable. The site-specific 

SAP for each treatment test should specify the samples designated for this analysis. 

Precision will be calculated using the following equation for relative percerit difference: 

where: 

RPD = relative percent difference,-
C l  - the larger of the twa values for matrix spike duplicates or laboratory 

duplicates, and 
The smaller of the two values for matrix spike duplicates or laboratory
duplicates. 
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Although EPA is not yet specifying acceptable limits for precision, a RPD result should be 

reported in the data packages received from the laboratory and in the ensuing OERs. 
‘t 

Percent recovery of laboratory matrix spikes is the quantitative measure of accuracy. For 

the treatment test analysis, a matrix spike and a matfix spike duplicate will be completed, at a 
minimum, on one sample of each type of treatment residual. 3 

The spike constituents should be determined on a site-specific basis for each sampling 

activity and should be presented in the SAP together with the code numbers for each sample to 3 
be taken. Spiking should be completed at the laboratory prior to extraction or digestion of the 

sample. (If less than 1 liter of sample is required for the matrix spike and matrix spike 
duplicate, then one sample container will be filled in the field, and the’laboratory will take the 

sample aliquots for the matrix spike and the matrix spike duplicate from the same container. 

If more than 1 liter of sample is required, then multiple sample containers are required and the 

matrix spike and matrix spike duplicate will be taken from different containers.) The spike 

concentration levels should be within five times the initial concentration level prior to spiking 
or at five times the expected matrix detection limit for constituents expected to be at the 

nondetect level. If the Ample was not spiked within these ranges, the impact on the quality of 

the data should be assessed, and the EPA Project Manager should be notified. If necessary, the 
11

samples may be respiked and reanalyzed. 

When the March 1987 generic quality assurance project plan was published, no limits for 
I 1accuracy were specified. Subsequently, it was determined that the recoveries for the matrix U 

spike and matrix spike duplicate should be between 20 and 200 percent. If recoveries are less 


than 20 percent, the �PA Project Manager must be notified. The EPA Project Manager will 


determine whether any additionaj work is required to achieve spike recovenes of at least 20 . 

1 

percent.. If recoveries are greater than 200 percent, the data must be flagged; review on a case

by-case basis will determine whether the results are usable. 
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The following equation should be used to calculate recoveries: 

+*,..-, % _ . l J  . 

_ ,  .. .  . 

where: I,_ . 

. . ..- . 
- ,  

C 
' ' C 

= concentration of aliquot, 
= concentration OP unwiked aliquot, and 

.~ 
; I C = concentratbn 6f%pike added. 

(3) ComDletenw. Completeness is defined as the number of activities initiated that 

are actually finished. For this project, the first activity is acquiring the samples; the final 

activity is reporting the analytical data. The degree of completeness is the number of samples 

for which acceptable analytical data are generated divided by the total number of samples 

collected times 100. The QA objective for completeness in the contaminated soil and debris 

(CSD)sampling and analysis efforts is 100percent. If the completeness is less than 100percent, 

documentation must be-provided to explain why the QA objective was not met in terms of 

sample handling, analysis,-and documentation and to describe the impact on the project of these 

failures to achieve 100 percent completeness. 

(4) ReDresentativena. For this project, representativeness is addressed through 

selection of appropriate sampling locations and procedures. For the treatment tests, the goal is 

to obtain samples representative of the untreated matrix and treatment residuals such that the 

performance of the treatment could be evaluated. One way this can be accomplished is by 

obtaining matched- in and out sample pairs (or sets) of the untreated matrix and treatment 

residuals. (Note, residence times must be taken into account.) 
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( 5 )  ComDarability. For this project, comparability for each treatment test will be 

addressed through use of the Same analytical procedures to analyze the samples. The analytical 

data should be reported in,the same units for each test. 

2.1.2 Project Organization 

The EPA Program Manager will have the overall quality assurance (QA) responsibility 

for all sampling and analysis data collected for the BDAT program. All SAPs must be approved 

by the EPA Program QA Coordinator or hidher designees. Figure 2-2 presents a general 
organization chart. A test-specific organization chart should be prepared for each SAP. 

Responsibilities of the various positions are described below. 

EPA Project Manager: 

EPA QA Officer: 

Contractor Program Manager: 

Contractor Project Manager: 

Contractor QA Officer: 

Principal Engineer: 

Overall responsibility for all sampling and analysis dataand . 

for ensuring data compliance with the program’s data 
quality objective. 

Responsible for ensuring data compliance with the 
program’s data quality objectives; approving site-specific 
SAPs and OERs, and conducting audits, if necessary. 

Responsible for al l  work performed by the contractor. 

Responsible for budgets and scheduling; project technical 
oversight and coordination; and project staff (principal 
engineers, sampling staff, and laboratory staff) .  

Responsible for ensuring that the sampling and analysis 
data meet the project’s data quality objectives and 
reviewing all data management activities. 

Responsible for obtaining background information on the 
waste to be treated and on the applicable treatment 
technologies; scheduling the treatment tests; and preparing 
the site-specific SAPs and OERs. 
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Figure 2-2. Project Organization 
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Sampling Crew Chief: Responsible for ensuring that all samples and data required
by the site-specific SAP are collected in accordance with 
the project’s QAPjP; ensuring that the field staff members 
have adequate training; and ensuring onsite compliance 
with the appropriate health and safety requirements. 

. Laboratory Coordinator: -Responsiblefor scheduling the 2-alytical work and ensuring 
’complianceWith the analytical requirements of the QAPjP 

I- and SAP. 
”+‘.. 

.L . .  , , ,- ._ . ,. .... .. 
.. . 

2.1.3 Collectton Plan �orField Samples and Design and Operating Parameters 

To determine the quality of data with .respect to’the characterization of the waste being 

treated and the treated residual, the siJe-specific sampling and analysis plan must contain the 

following information. Note, these bulleted items are appropriate section heading. 

s e ri i w. Describe the sampling points and provide the 
justification for their selection. All sampling points must be identified on the 
schematic diagram for the waste treatment system. 

-. All samples should be collected as grab samples. 
Sample collectioh procedures must be described for each sample location. 

w g . Frequency of sample collection will vary depending on the 
treatment system. The frequency of sample collection at each sampling location must 
be specified in the SAP and should be selected to best characterize the variability in 
(1) the waste stream, (2) the treatment process, and (3).the analytical results. 

Constituents to be analvzed. For all sampling points, specify which of the 
compounds shown in Table 2-1 (BDATConstituents-List) will be analyzed. All 
analyses should be performed using SW-846(Third Edition). Deviations from this 
list of compounds should be justified. (For example, if one sample of the untreated 
waste is analyzed and the data show that particular compounds are not present, then 
further analysis of these compounds may not be required for t!!s other samples from 
the plant.) Table 2-2 provides an example table that can be used to summarize 
planned analysis and quality control samples. 

r .. ‘  

7 

TI 

:J 

11 

1 

I 
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Table 2-2 	 Example Summary of Planned Analyses 
and Quality Control Samples 

Analytical procedure 

Semivolatiles 
Primarysamples I 

Matrix spikesa 
Matrix spike duplicatesa 
Field sampling blank 
Equipment blank 

Metals 
Primary samples 
Matrix spikesa 
Matrix spike duplicatesa 
Field sampling blank 
Equipment blank 

Number of sarngles collected 
Characterization Untreated Treatmentsample Waste residual 

1 6 
1 1 
0 1 
1 1 
0 1 

1 6 6 
1 1 1 
0 1 1 
1 1 1 
1 1 1 

a&dyses of the matrix spike and matrix spike duplicate samples are to be completed for the 
third set of matched samples collected for the untreated soil and the treatment residuals. Note, 
sufficient sample aliquot amounts must be collected for this set of samples to complete these 
analyses. 



Total cornornition and TCLP extrace. For the treated residuals, analysis will be 
completed on both the total composition sample for organics and inorganics and the 
TCLP extracts for inorganics only. For all other samples collected, analysis will be 
completed only;fat’+totalcomposition. (It should be noted that in the March 1987 
generic quality assurance project plan, TCLP analysis was required for both organic 
and inorganic _constituents in the treated residuals since at the time it was not 

.r-*?,I?.

dekx&ed whether the treatment standards were to be developed using total 
composition or TCLPdata. Subsequently, EPA decided to use totalcomposition data 
to develop the treatment standards for organics.) 

s e i n.Procedures for sample containerization 
and preservation presented in SW-846 (Third Edition, Table 2-16) should be 
followed me specific types of containers and the required sample preservation 
should be specified in the SAP. All sampling vessels and containers will be cleaned 
prior to the sample collection. The procedures used should be specified in the site-
specific SAP. Table 2-3 provides examples of sample containers, sizes, holding 
times, and preservation requirements. 

Design and omratinp data collection. To evaluate the treatment design and 
operation, the SAP must contain (1) all design and operating data to be collected, the 
method of collecting these data, and the reason for collecting these data; (2) the 
specific frequency for collecting the operating data; and (3) identified locations for 
collecting operating data on the treatment system schematic. 

Sampling procedures, locations, and frequencies must be documented in the site-specific 

SAP. Sampling times for the untreated and treated samples take into account the residence 
. 

time of the treatment system. The untreated and treated samples should be corresponding 

matched pairs so that waste characteristics can be evaluated. Any deviations from obtaining 

matched pairs must be documented in the SAP and approved by the EPA Project Manager. If 
possible, six sets of untreated and treated samples should be collected. However, the final 

selection of the number of sampling sets needed to evaluate the treatment system must be 

approved by the �PA Project Manager and presented in the treatment test SAP. 
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Table 2-3 Example of Simple Conuincn, Sizes,Holding T i s .  
and Rewrvrtion Rquircmcnta 

Pinmeter Container Srmple rue Holdq time Prrurvruon' 

" " % 

Wastewrten 

Toul metalr 	 pH < 2  with H N 4  

Cool S4.C 

PH . Immdurrcly' 

. .
I &ni jar 28 day1 Cool S4.CChloride 1 

Sulfnte 1 
Total lolidr ) 

2 40-ml VOA vu11 

Volatile orgrnicr G 2 40-ml VOA vulr 

Semivolatile orgmicrc G 2 o&-IEr jam 

Dioxins and funme G 2 onc-likrj m  

P,G I 5oO.ml wide-mouh jar 

Chloride 1 G 1 U0-mljar 
Sulfrle 1 
Toul organic carbon ) 

Volatile orprnicr G 1 120-mljrr 

SemivoIrtiIe orpmic~~ - G I U0-mljar 

' Dioxins r d  fuwc G 1 120-mljrr 

28 day1 
7 dayr 

28 dayr 	 pH <2wi th  
H2SO4, cool S4.C 

14 day Cool 54 .C 

7 &yr to extraction' Cool S4.C 

40 day110 IIUlySh 

30 day6 to e ~ c t i o a  Cool S4.C 

45 dJyr lo 1 d y M  

from collcctioo 


6 months (CX- Cool S4.C 

m u l y  at 28 a y r  

6 d r to TCLP 

extraction, 

6 monlhr to rMlyar 

(cxccpt mcrculy 11 

28 dayr ud 28 dayr, 

rrrpeftively) 


28 day1 Cool 5 4 . C  

14 dayr Cool S4.C 

14 dryr to extraction Cool S4.C 
40 dryr lo rndyrb 
30 dayr lo CMC~~OO, Cod S4.C 
45 day1 lo 1 M l Y l h  
from collcstion 
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Pinmeter Coauiacr sample rizc Holding tim0 hwnation' . 

. . - . I  ,. . . . ~-
Sludzer ...I_<=,-. __-

1 ,A. : 

Toul meulr 3 P+Gww-.\ 2 ondhr&de-mouthjm 6 m o h r  (except Cool S4.C 
TCLP (meblr ) mCrCUr), at 28 &y8) 

Chloride 28 day. Cool 4 4 - C  . . 

Sulfate 28 &yr 
Toul'orgrniccarbon ) 
Toul rolidr , I  : :* _ -

211 dry8
7 &ye 

Vdrtik organic8 G 2 &.-Lv.Q-A vi.lr 14 drys Cool S4.C 

scmivolAlilcorganicrb 0 - P.. 2 ono-iitet wide-mwtbjan 14 &yr to cxtmcti00, Cool ,S4*C 
40dayr Lo anrlyrir 

Dioxins and furansc 0 2 one-]iter wide-mwtb jan 30 dayr to ennction Cool S4.C 
45 days Lo aMly8h 
fromcollcction , 

Note: Sample conuincrr murl be filled to eaaaro thcd.qlute nnpb is avdmbl. for uulyrir. 
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2.1.4 Sample Custody and Transport 

Field chain of cushy  must be maintained for all samples collected for the LDR 
Program. Documentation of all field activities is required to provide backup for any deviations

*...- x - ..- *- 7 1 I . Y Y ” I V  

*I As.. 5 ---.- - =from the SAP. All samples collected should be-labeled and identified* using a multi-part label; 

shown in Figure 2-3. The labels have a preprinted numberan example of a three-w label is*I Y X” 

-	 that becomes the field sample nurnk,,_Qne porlhn utili be-compTeted and affixed to the sample 
bottle; another portion will be entered intQ the fEld notebook With pertinent information entered 

alongside the label. At a minimum; all replicate volumes for a particuIar Sampldparameter 

should have the same field sample number assigned to them. 

Sample custody seals (see Figure 2-4) will be placed around all shipping container lids 

to detect unauthorized tampering with samples following collection and prior to the time of 

analysis. (This includes any untreated waste or treatment residuals that are being shipped for 

the purpose of being used in a treatment test.) The seal must be attached in such a way that it 

is necessary to break it in order to open the container. Seals must be affixed at the time of 

packaging by the sampling crew chief or hidher designee. The seal should include the signature 

of the sampling crew chief and the date. 

Sample custody will begin at the time of sample collection by placing the sample in an 

ice chest, or other appropriate container, in the possession of the sampling crew chief or hidher 

designee. The chain of custody record form (see Figure 2-5) should be filled out immediately 

and signed by the sampling crew chief or hidher designee. The chain of custody record must 
be filled out completely and accurately since this form provides documentation for what was 

collected in the field and the analysis to be completed in the laboratory. The chain of custody 

record form should include the following information: 

8 Project namdcode; 

8 SiWfacility name; 
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Figure 2-3. Example of Three-Part Label 

[CUSTODY SEAL i 


-I0.m I 


Figure 2-4. Example of Custody S d  
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Figure 2-5. Example of Chain-of-Custody Record 
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Sample location; 
Sample type or matrix; 

Sample date and time; 

Signature of sampling crew chief or hidher designee; and 

Analysis required. ,_- I  


..*ll , I* 3 .  

" -
<A 

1 " 

Any additional pertinent remarks concerning the samples, e.g., sample preservative used, should 
also be included. 

Upon completion of the form, the sampling crew chief or hidher designee will sign, date, 
enter the time, and confirm completeness of ali descriptive information contained on the chain 

of custody record. Each individual who subsequently assumes responsibility for the sample will 

sign the chain of custody record and indicate the reason for assuming custody. The field chain 
of custody record will terminate upon laboratory receipt of samples. The field sample custodian 

should retain a copy of the chain of custody record for the program files. 

Samples must be packaged and labeled for shipment in compliance with current 

U.S.Department of Transportation (DOT) and International Air TransportAssociation (IATA) 

dangerous goods regulations. Any additional requirements stipulated by the overnight carrier 

must be followed. The packaging and labeling requirements should be documented in the site-

specific SAP. In addition to the complete mailing address, each ice chest must be clearly 

marked with "this end up" mows on all four sides, a label on each side of the container 

indicating the proper shipping description of the samples, and the originator's address. 

A metal or plastic ice chest should be used as the outside shipping container for 

hazardous waste samples, unless otherwise specified by the shipping regulations. The outside 

container must be able to withstand a 4-foot drop on solid concrete in the position most likely 

to cause damage. Each ice chest should be lined with two 6-mil thick plastic bags. Styrofoam 

c 
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or bubble wrap will be used to absorb shock. When sample containers are placed in an ice chest 

for shipment, dl samples from a single sampling location (except for replicate field samples, if 

collected) will be kept together as a set, unless the SAP specifies othenvise. Replicate samples 

will be packaged and shipped in a p t e  ice chest. Since the replicate sample containek are 

collected only to ensure that a sufficient sample quantity is available should a problem occur . 

during sample transport, the chain of custody forms should have these samples marked as "hold 

for analysis. " When more than one,@ can fitinto an ice chest,,one of &e sets will be placed 

in a separate plastic bag to prevent cross-contamination if breakage should occur. Volatile 

Organic Analysis (VOA) vials will be packaged inside a plastic "ziplock" bag. Styrofoam or 

bubble wrap can be used to prevent bottle breakage. The outside of the VOA package will be 

labeled with the appropriate sample identification number. VOA vials should be shipped with 

appropriate sample sets from a given sample location. 

After sample containers are sufficiently packaged, the 6 4 1  thick plastic bags should be 

sealed around the samples by twisting the top and securely taping the bag closed to prevent 

leakage. The custody seal will be placed around the neck of the bag. When preservation 

requirements dictate, ice will be placed between the inner and outer plastic bags, with the latter 
taped shut. 

Chain of custody records and any other shipping/lfample documentation accompanying 

the shipment will be enclosed in a waterproof plastic bag and taped to the underside of the ice 

chest lid. 
_ .  

Each ice chest prepared for shipment will be securely taped shut. Custody seals will be 

affixed across the joint between the top and bottom (both in front and in back) of each ice chest 

prepared for shipment. 

25254107.0 1\005 2-29 



The actual transportation mode should be selected based on holding times for individual 

analytes. All samples should be either delivered by the sampling crew or shipped via a 

commercial overnight carrier. 

Upon receipt of the samples in the laboratory, the ice chests will be checked for intact 

custody seals. The samples will then be unpackaged, and the information on the accompanying 

chain of custody records examined. If the samples{shippedmatch those described on the chain 
of custody record, the laboratory sample custodian will sign the form and assume responsibility 

for the samples. If problems are noted with the sample shipment, the laboratory custodian will 

sign the form and record problems in the "Remarks" box. The appropriate Project Manager (for 

EPA projects, the contractor and EPA Project Manager) should be notified of any problems. 

All samples will then be logged into a sample logbook and/or computerized information 

system. The following informafion will be documented: 

Date and time of sample receipt; 

Project number; 

Field sample number; 

Laboratory sample number (assigned during log-in procedure); 

Sample matrix; 

Sample parameters; 

Storage location; and 

Log-in person's initials. 


All information relevant to the samples will be secured at the end of each business day. 

All samples will be stored in a designated sample storage refrigerator, access to which will be 

limited to laboratory employees. 
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2.1.5 Selection of Analytical Methods 

Analytical methods' will be selected, whenever possible, from EPA/OSW-approved 
methods, most of which appear in Test Methotis for Evalm'ng Solid Waste (SW-846), Third 
Edition (USEPA 1986). Exceptions to the requirement will be allowed for cases in which the 
EPAIOSW-approved methods are not appropriate for the preparation or analysis of a specific 
sample matrix or are not available for a particular constituent or other parameter of interest. 

. References to be used for selecting alternatives to the approved methods include the 
following: 

1. 

2. 

3. 

4. 

MerhaiS for the Chemical Analysis of Water and Wares (MCAWW),EPA 60014
79-020(USEPA 1983); 

Other available EPA methods, e.g., met@ds described in the Statement of Work 
(SOW)for EPA's Contract Laboratory Program (CLP); 

Standard Methodsfor the Baminarion of Water and Wastewater ( S M ) ,  16th Edition 
(American Public Health Association, American Water Works Association, and 
Water Pollution Control Federation 1985); and 

Methods published'annually by the Amencan Society of Testing and Materials 
(ASTM). 

If appropriate methods to analyze specific waste matrices or to analyze specific other-
parameters for waste characterization are not available in the aforementioned references, then 

a literature search may be completed to obtain an appropriate method to complete the analysis. 

All SAPs should specify the exact analytical methods to be used for the samples collected 
during the treatment test. Since the SAPs are site-specific, they should include any cleanup or 

preparation steps that may be required to analyze the samples. Table 2-4 presents recommended 
SW-846 methods and other methods that may be used to analyze BDAT constituents and waste 
characteristics affecting performance. 

25254 107.01\OOS 2-31 



Table 2 4  

Parameter 

-Solids 

BDAT list d t u a x t s :  
Volatile organics 

Methaaol 

Semivolatile organics 

TCLP for organics 

Metals, total 

ICP Imtals 

ArSClliC 


Chromium (hexavalent) 

Lead 

Mercury 

Selenium 

Thallium 


. Metals,TCLP 
ICP 'metpis 
Arsenic 
Chromium (hexavalent) 
Lead 
Mercuy 
Selenium 
Thallium 

Cyanides 

Fluorides 

Sulfides 

Organochlorine pesticides 
P h e n o x M c  acid herbicidcr 

Recommended Analytical Methods 

3 

Preparation . . Analysis 
method8 

. " 
5930 


5040 

354013550 


1311 followed by 
methods for 
organics in 
wasteyaters 

3050 

3050 

TCLP-51FR 40643 

3050 


3050 

3050 


3020 


3020 


method8 

8240 


8015 P 


8270 ,-

Follow methods for organics 
in wastewaters 

6010 

7060 

7197 

7421 

7471 

7740 

7841 


6010 

7060 

7197 

7?21 

7470 

7740 

7841 


9012 


MCAWW 340.2 

9030 


8080 


8150 
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Table 2-4 (continued) 

Preparation Analysis 
Parameter method' , _  method' 

~ .., 

Organophospborousinsecticides 8140 

PCBs 8080 

Dioxins and fumh " . .  
8280 

Other parameters: 
ASTM D3174Ash content 

Ash fusibility ASTM E953 
Chloride 9250 
Corrostvity 1110 
Heating value - ASTM D2015 
Moisture content ASTM 02216 
Oil and grease 9071 

PH 9045 

Sulfate 9036 

Sulfur content ASTh4 D4239 


Total halogens ASTM D808 


Total organic &n croc) Lloyd Knhn 

Total organic halides 9020 


Wastewaters 

BDAT list parameters: . 
Volatile organics 
Semivolatile organics 
Metals 
ICP metals 

Arsenic 

Chromium (hexavalmt) 

Lead 

Mercury 

Selenium 

Thallium 


Cyanides 


Fluorides 

Sulfides 

Organochlorine pesticidtr 

25254107.O 1io05 

8240 

3510l3520 8270 


3010 6010 

7060 

7197 


3020 7421 

7471 

7740 


3020 7841 


9012 


MCAWW 340.2 

9030 


8080 
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Table 2-4 (continued) 

Pnppntion Annlysis 
Parameter method' method' 

-
. P h e n o x y d c  acid herbicides 8150 

* .Organophosphorws;inseCticidss " I id. 8140 

PCBs 

Dioxins and furpas 

Other parameters 
Acidity 
Alkalinity 
Bromide 
Chemical oxygen demand (COD) 
Chloride 
Color 
Conductance 
Corrosivity 
Hardness, total 
Heat value 
Iodide 
Nitrogen 

Ammonia 
Kjeldahl, total 
Nitrate 
Nitrate-nitrite 
Nitrite 

Oil and gMse 
PH 
Solids 

Filterable, gravimetric 
Nonfilterable, gravimetric 
Total, gravimCtric 
Volatile gravimetric 
Settleable matter 

Sulfate - I  

Total organic urboa floc) 
Total organic halides flow 
Viscosity 

8080 
.. 
- .  8280 

MCAWW 305.1 
MCAWW 310.1 
MCAWW 320.1 
MCAWW 410.b . 4  
9250-52 
MCAWW 110.1-.3 

MCAWW 120.1 

1110 

MCAWW 130.1-.2 

ASTM E711 

MCAWW 345.1 


MCAWW 350.1-.3 

MCAWW 351.b.4 

MCAWW 352.1 

MCAWW 353.1-.3 

MCAWW 354.11 

9070 

MCAWW 365. b . 4  


MCAWW 160.1 

MCAWW 160.2 

MCAWW 160.3 

MCAWW 160.4 

MCAWW 160.5 

9035l903619038 

9060 

902019022 

ASTM D445 


'All methods are SW-846 methocb dess  otherwise specified. 
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Whether an EPA-approved or other method is used for the constituent parameter of 
interest, the laboratory must provide documentation concerning the methods used and any 

modifications or deviations required to analyze'the various samples. If feasible, the laboratory 

should obtain approval from the EPA Project Manager or hidher designee for method 

modifications or deviations prior to implementation. This information must be included in the 

OER completed for the treatment test. 
d - 1  T 

I I ,  

I

2.1J6 Quality AssurancdQuality Control Procedures 
- I . 

The overall effectiveness of a quality control program depends on operating in the field 

and laboratory in accordance with a program that systematically ensures the precision and 
accuracy of analyses by detecting errors &d preventing their recurrence or measuring the degree 

of error inherent in the methods applied. 

Most of the analytical methods to be used give guidelines for number and frequency of 

replicates, matrix spikes, and calibration standards. The matrix spikes, replicates, calibration 

standards, etc., are analyzed in the same way as the field samples and are interspersed with the 

field samples. The analytical results are used to document the validity and control of data. 

Spika:  A matrix spike and matrix spike duplicate analysis should be performed on 
at least one sample of each treatment residual taken during a treatment test. The 
SAPS should specify which samples are to be spiked and identify the spixng 
components. Samples should be spiked with constituents of interest expected to be 
present in the waste. The matrix spike and matrix spike duplicate should meet the 
requirements for precision and accuracy as specifid in Section 2.1.1. 

Laboratorv dunlicate anaive. One laboratory duplicate analysis of the spiked 
sample extract should be performed for each group of the treated residual samples 
taken from the same sampling point. The laboratory duplicate analysis should also 
be completed on the TCLP extract. Analytical results of the duplicate injection must 
be within *20 percent of each other for values greater than 200ppb. For values less 
than or equal to 200 ppb, analytical results for the duplicate injection should be 
within &lo0 percent of each other. p e  precision results of the matrix spike and 
matrix spike duplicate can be substituted for the laboratory duplicate analysis.) If 

2-35 . 



f 


these criteria are not met, the data should be flagged and reviewed on a case-by-case 
basis to determine usability. 

0 	 Surro-: For GUMS and GC methods, surrogates (Le., chemically inert 
compounds not expected to occur in an environmental sampl') will be spiked into 
each sample to provide matrix recovery values. Surrogates should be used if 

' 
specified in the analytical method. (Because of limited experience in analyzing each 
of the waste matrices,precision and accuracy requirements are not being specified.) 

Calibration stan- : Calibration standards will be prepared in accordance with 
the specifications provided in the methods. Calibration standards will be analyzed 
at a frequency specified in the methods. Reagent grade compounds that conform to 
the current specifications of the Committee on Analytical Reagents of the American 
Chemical Society should be used if possible. 

0 	 oc check standardq For the metal analytes, a QC check standard will be analyzed 
with each batch of samples. This standard is prepared by spiking laboratory pure 
water with a stock solution of the analyte that was obtained from a source 
independent of the source used to obtain standards for the calibration curve. 

Calibration check sample: For GUMS analysis, calibration check samples should 
be prepared and analyzed as specifled in the appropriate methods. 

Methdd blank: A minimum of one method blank will be prepared per set of samples 
of similar matrix collected during the same sampling episode or a set of 20 samples
of similar matrix, whichever is smaller. In cases where *e concentration detected 
in any of the cornpounds detected in the blank is 10 percent or greater than the 
concentration detected in any of the samples in the batch, the laboratory must take 
corrective actions, as specified in Section 2.1.8. 

Internal standardS: Internal standards should be used where feasible to monitor for 
the consistency of GUMS response factors and relative response times. The internal 
standards projected to be used are specified in the methods, e.g., SW-846Methods 
8240and 8270. If the internal standards are not specified in the analytical method, 
they should be specified in the site-specific SAP. 

Svstemperformance check comDoun&:For GUMS analysis, system performance 
check samples should be prepared and analyzed as specified in the appropriate 
methods (e.g., SW-846Methods 8240 and 8270). 

9 Laboratory Dure water: Laboratory water should be prepared by particulate 
filtration, carbon filtration, reverse osmosis, and deionization, or by an equivalent 
procedure. 
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Quality control checks to be taken during field activities will include calibration of any 

field monitoring equipment as well as collection of the blanks discussed below. 

One trip blank that is not opened in the field should be collected to check for sample 
contamination originating from sample hansport, shipping, or site conditions. The 
parameters for analysis should be specified in the SAP. 

Equipment blanks should be taken as needed. Collectian and frequency must be 
specified in the SAP. To prepare an equipment blank, laboratory pure water or 
solvents are brought to the field in a sealed container and then opened in the field. 
The contents are poured over or through the sample collection device and then 
collected in the sample container. The parameters for analysis will be specified in 
the SAP. If contamination in the equipment blank is detected, the effect of the 
contamination on the samples collected should be presented in the OER for the 
treatment system. 

If samples are to be collected for analysis of volatile organic compounds, a volatile 
organic blank should be collected once a day. This blank consists of laboratory pure 
water taken to the field and poured into a sample container in the area where the 
treatment system is located. The volatile organic blank should be analyzed for the 
volatile compounds specified in the SAP. If volatile organic compounds are 
measured in this blank, the effect of the contamination on the samples collected 
should be presented in the OER for the treatment system. 

2.1.7 Quality Assurance Performance and System Audits 

Field activities of each contractor should be audited at least once by a representative 

ddsignated by EPA to ensure that required equipment and procedures for sample collection, 

preservation, shipping, handling, laboratory, and documentation were used. In lieu of a third 

party auditor, the field activities could be evaluated by the EPA Project Manager. 

For most treatment test studies (and on at least one conducted by each contractor) for the 

scheduled Thirds waste codes, the EPA Project Manager was present. He could observe that 

th'e procedures for sample collection, preservation, shipping, handling, and documentation (e.g., 

fibld notebooks and chain of custody) were performed in accordance with the site-specific 
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sampling and analysis plans. Performance samples for organics and/or metals were completed 
by the laboratory quarterly. The results of the performance samples indicated that the laboratory 

could complete the analysis for the BDAT constituents satisfactorily. A formal system audit of 
the laboratory was not conducted; however, the laboratory was audited for other EPA projects 
during the period that samples were analyzed for the various treatment tests. 

2.1.8 Corrective Actions 

Data generated aspart of the analytical quality control program were received by the QA-
Officerand the project’s lead engineer to ensure the absence of systematic bias or trends. 
Corrective actions were taken upon identification of any problems with the project that affected 
the product quality. If problems occurred, thecause was determined, the effect of the problem 
on the project was evaluated, and a solution was developed to prevent a subsequent Occurrence 
of the problem. 

The following corrective actions were taken if the program’s data quality objectives for 

blank contamination, duplicate injection (or analysis), or matrix spike recovery were not 

achieved: 

1. Calculations were reviewed for mathematical or transcription error. 

2. 	 The laboratoi=y/fielddocumentation were reviewed to determine whether procedural 
errors were made. 

3. 	 Equipment and reagents were examined to determine whether there was any 
malfunctioning equipment or reagent contamination. 

4. 	 Instrument documentation was examined to determine whether the signal response 
met the acceptance criteria and whether the calibration check standards agreed with 
the calibration cuwe as specified by the analytical method to determine whether the 
instruments were still within calibration. 
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If these steps did not correct the problem, the EPA Project Manager was contacted to 

discuss the source of the problem and its impact on the data and to determine whether any 
additional corrective actions, such as reanalysis of the samples, should be taken to try to obtain 
data that could meet the data quality objectives. ,I I *

2.1.9 Calibration Procedures *.. 
. I 

2.1.9.1 Laboratory Analyses r ; i  

All instruments should be calibrated each day that analyses are performed. The 

calibration standards should include the constituents of concern for the project. The calibration 
procedures described in the appropriate analytical methods will be followed. -

All calibration information should be documented. If the calibration check standard does 

not meet the criteria specified in the method, the instrument should be recaiibrated, and the 

samples analyzed after the last calibration check standard meeting the calibration specifications 

should be reanalyzed. If deviations from or modifications to these procedures are necessary, 
approval should be obtained from EPA prior to implementation of the deviation/modification. 

Documentation of these deviationdmodifications and the reason for their implementation must 

be presented in the final analytical data report. 

.Calibration standards must be prepared using pure standard materials or purchased as 

certified solutions. If the standards are made from pure standard matends, the materials must 
-	 be assayed and the punty of the standard must be known. When compound purity is assayed

-
to be 96 percent or greater, the weight may be used without correction to calculate the 

concentration of the stock solution unless otherwise specified in the analytical material. 

Commercially prepared stock standards may be used at any concentration if they are certified 
by the manufacturer or by an independent source. The name of the manufacturer and the 
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information regarding purity of the standard or the concentration of the stock solution, if 

commercially prepared, must be available upon request. 

r 

Below is an overview of the calibration procedures for the analytical instruments that may 
- a  be used. The concentrations of the calibration standards for each method will be determined by 

* %  

,&e detection limit and the linearcurve of the range. For example, for a three-point calibration "1 

or cype, one, standard would be selected neat the detection limit, one at the midpoint of the 

Iinear range, and one at the upper end of the curve. 
._ 

IIIStrUmen� 

Flame AA 

Furnace AA 

ICP 

GC 

GUMS 

Analytical balance 

Frocedurg 


Daily four-point calibration with blank, 1, 5 ,  and 10 mg/l 
standards. Check standard and blank analysis after every 
10 samples. 

Daily five-point calibration with blank, 5 ,  10,20, and 50 pl 
standards. Check standard and blank analysis after every 
10 samples. 

Daily two-point calibration with blank and 1mg/l standards. 
Interference check sample analysis every 8 hours. Check 
standard and blank analysis after every 10 samples. 

Meet chromatographic acceptance criteria (such as 
degradation, peak shape, sensitivity signal to noise ratio, 
and' retention time stability). Then do three-point initial 
calibration with 0.2, 0.25, and 1.0 pl standards, followed 
by daily chromatographic check and calibration check. 

Meet MS tuning criteria followed by chromatographic 
acceptance criteria. Then do three-point initial calibration 
with 20, 50, and 100 ng/ml standards, followed by daily 
chromatographic check and calibration check. 

Prior calibration check with class S weights in the gram 
and milligran range. Other checks as appropriate in 
expected weighing range. 
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instrument 

HPLC 
I .. 

, . .  

, - ,. .- . . .  ,,.,.;.' ... 5" ,,,.,.',: a b .  I .. .. ,%. 

p~ heter . *  

Cdnduetivity meter. ' 

UV spectrometer 

Technicon 

TOC 


TOX 


IC 

Thermometers 

Hg analyzer 

2.1.9.2 meld Calibration 

ProceduR 

Meet chromatographic acceptance criteria (such as 
degradation, peak shape, sensitivity, signal to noise ratio, 
and retention time stability). Then +dQmultipoint initial 
calibration, followed by daily chromographic check and,' 

calibration check. . 

Three-point calibration at pH 5, 7,'ahd 10. Calibration 
check after every 10 samples. 

Calibration check daily and every 20 samples. 

Daily multipoint calibration. Check standard every 20 
samples. 

Daily multipoint calibration. Check standard every 20 
samples. 

Daily single-point calibration in triplicate. Check standard 
every 20 samples. 

Daily calibration check. Check standard every 20 samples. 

Daily multipoint calibration. Check standard every 20 
samples. 

Check against NBS thermometer every 6 months. 

Daily four-point calibration. Check standard and blank 
analysis after every 10 sample. 

All instruments should be calibrated each day that analysts arc performed in the field. 

The calibration standards should include the constituents of concern for the project. The 

calibration procedures described in the appropriate Standard Operating Procedures (SOPS)
\ 

written for the field team and provided in the SAP should be followed. If the calibration check 
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standard does not meet the criteria specified in the method, the use of the instrument will be 
discontinued until the unit can be rdibrated. Data collected after the last calibration check 
standad meeting thecalibration specifications should be reanalyzed with a calibrated instrument, 

>.,i.,-.*e..>*, 2:172fF=*4 - Data Reduction, Validation, and Reporting, 
.-i ., . I,
,L 


A.T-v.. '. 
(1  .* 

<
~ ~ .- -uL_r*:,. . , .-%,L -.-. --.-v 

. ' .  
' For data fo be scientifically valid, legally defensible, and.comparable, valid procedures 

must be used to prepare those data. The following sections describe the data reduction, 
validation, and reporting procedures to be used for field and laboratory data. 

2.1J0.1 Data Reduction 

The analytical laboratory should specify its data reduction methods. Wherever possible, 
the initial data reduction should be computerized. This reduces the frequency of transcription 
errors and calculation errors. Where data reduction is not computerized, calculations should be 

performed in permanently bound laboratory notebooks with carbon copy pages or on preprinted 
data reduction pages. The data reduction for some analyses includes analysts' interpretations 
of the raw data and manual calculations. When this is required, the analysts' decisions will be 
written in inkon the raw data sheets. Any corrections to data sheets will be made by lining out 
inaccurate information, initialing the line-out, and adding the revised information next to the 
li ne-out. 

2.1.10.2 Data Validation 

Data validation begins with the analyst and continues until the data are reported. The 
individual analyst should verify the completion of the appropriate data forms to ensure the 
completeness and correctness of data acquisition and reduction. The Laboratory Supervisor or 
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the data reduction staff should review computer and manual data reduction results and should 
inspect laboratory notebooks and data sheets to verify data reduction correctness and 

c:, I, I - ' > -

completeness and to ensure close adherence to the specified analytical method procotols. 
,Calibration and QC data should be examined by the individual.analyst-.(and the Laboratcry 

I .. - 6 ~ .{a 
.	.-r. that instruibt syste in control and 

#,:a. 
accuracy, completeness, and^"methodde limit were met 
g-wcj 7) gf)a,:':>' ,i. II> ' .: .121.".T: 


. . 
-> ,: ,,. ,,.., i I.-.- . -- .-+, 
, .  

indicators (e.g., data points with detection limits above 1 ppm) or that are associated with QC 

outlier data should be flagged or otherwise identified in the laboratory's final data package. 

2.1L10.3 . Reporting 

All reports and documentation required, including chromatograms and mass spectra, 

calibration records, and QC results, should be clearly labeled with the laboratory sample number 
and associated field sample number. A flow chart depicting the overall data handling and 

reporting scheme is provided in Figure 2.6. 

The final data package submitted by the analytical laboratory should include a summary 
of Ithe analytical results for each sample as well as all reportsand documentation generated as 
required by the analytical methods (e.g., chromatograms, extraction notes, and chain of custody 

forms). 
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Figure 2-6. Data Reduction, Validation,and Reporting Scheme 
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2.1.11 Preventive Maintenance 

2.1.11.1 Eleld Preventive Maintenance 

n, 

ed following procedures outlined by the 

Id equipment to be used should be inspected 

2.1.11.2 Laboratory Preventive Maintenance 

All laboratory instrumentation will be maintained following procedures outlined by the 

instrument manufacturers. Instrument maintenance logbooks should be kept with each 

instrument and updated by the operator whenever routine or nonrouthe maintenance procedures 

are performed. 

2.1.12 Quality Assurance Reports to Management 

The Contractor Project Manager, in conjunction with the Contractor QA Officer, should 

identify critical areas of the project that will be subject to inspection. These inspections shouId 

be performed by qualified staff members who are not performing or supervising the activity. 

The areas inspected may include the following: 

Staff qualifications; 
0 Equipment maintenance records; 
0 Equipment calibration records; 
0 Protocol adherence; 

Documentation practices; 
Sample traceability and control; 

0 Data traceability and document control; 
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Recordkeeping practices; 
Review and validation practices; 
Computation practices; 

. QC data and practices; and 
QCcompliance. 

2.2 SamDline and Analvsis Plan 
1 

* I 

The foliowing format presents prospective sampling and analysis activities in a rational 
and identifiable85mmnernner("Organization" ispesented here as a shorthand for the name of the 
industrial facility, corporation, consortium, or other entity intending to submit this data. 

Title Page 

Approval Page: Names, organizational addresses, and titles of the individuals 
seming as Project Manager and Quality Assurance Officer in generating the data. 

Introductory Pages: Table of contents, list of tables, and list of figures. 

Section One: Introduction. 

1.1 	Short description of the Organization's participation in generating data for the 
LDR program. 

1.2 	Discussion of the objective of this treatment test in terms of the waste being 
treated and the technology being evaluated. 

1.3 	 Introductory description of the waste being treated, summarizing available 
analytical and other test results already performed. (Data tables can go into an 
appendix.) 

1.4 	 Names, telephone numbers, and addresses of the Project Manager, Analytical
Laboratory Manager, and Quality Assurance Officer with responsibility in this 
project. 

1.5 Description of the treatment system under evaluation. How much detail? 

1.6 Outline and schedule of the major sampling and analysis events as anticipated. 
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Section Two: Project Organization. 

2.1 Organhtional Chart. (See Figure 2-2.) 

hj2:!b:"
e ' A d d r ~ e a - t e l e p h o n e  numbers of key individuals. 

3.2 Summary of existing data characterizing the whte in tabular form. 

3.3 	 Qualitative discussion of treatment system: how it works, whether it is an 
established or innovative technology, whether the system is part of the 
generating plant's existing onsite waste management system or an offsite system 
or a mobile unit, dimensions and capacities of process units, and key design and 
operating parameters. 

Section Four: Sampling and Analysis Activities. 

4.1 	 Table of each sample, blank, and duplicate to be taken, each numbered with a 
unique alphanumeric code indicating whether it is a field or equipment blank, 
raw or treated residual, single sample, or one of a duplicate-sample pair and 
indicating to what category of residual it belongs (Le., scrubber water vs. ash 
for incinerator residuals) to be explained in the footnotes to this table. This table 
should state at which point each sample will be taken. 

4.2 	 Schedule for sampling visit, accounting for collection, preservation, and 
transport of each numbered sample, duplicate or blank by identification code. 

4.3 	 Description of proposed sampling procedure for each coded sample plus the 
number of samples to be collected at each site. 

4.4 	 List of the analytes and parameters to be analyzed in each sample, the sample 
preparation (digestion, extraction, cleanup, etc.), and analytical methods to be 
used for each sample, all presented with unique sample code. 

4.5 	 Narrative discussion of why these analytes and not others were selected from 
the BDAT list. 
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4.6 	 Specifications for sample aliquot size, preservation, and acceptable holding 
times. 

Section Five: Site-Specific QA/QC Procedures. 

5.1 	Description of field QA/QC activities including calibration of field monitoring 
equipment, preparing sampling, mvel, and field blanks, ensuring that 
appropriate duplicates are taken and decontamination and disposal of field 
sampling equipment. 

5.2 	Specify the sample aliquots upon which matrix spike analyses are to be 
completed and specify the spike constituents and their concentration levels. 

5.3 Specify the number of trip, field, or equipment blanks to be collected and the 
procedures to be used. Also, specify the analysedmethods to be performed on 
the blanks, noting that in most cases the blanks Will be marked "Hold for 
Analysis." Also specify procedures to be performed with reagent blanks. 

5.4 	List the surrogate determinations to be performed for organic analyses; if 
methods other than 8240 or 8270 are being used, described a surrogate use 
procedure similar to 8240 or 8270s to be employed. 

5.5 List the QC check standards to be run for metals analyses. 

5.6 	List provisions for documenting all method-specific internal standards for GC 
and GUMS procedures. 

Section Six: Sample Custody and Transport. 

6.1 Description of sample custody procedures and for transporting waste from 
generation facility to treatment facility if planned. 

6.2 	 Relevant information on sample packing and shipment: Shipping category for 
samples and any transported waste; DOT regulations and the carrier's 
requirements for these materials; d e r  name and address of the local shipping 
station; address of the laboratory to which the samples will be sent; and name 
and telephone number of the designated contact at this laboratory. 

Section Seven: Health and,Safety. 

7.1 	Summary of health and safety procedures to be followed onsite during samplirig
and tretment operations. Use the facility's existing health and safety plan if 
one is available. 

'I 

9 !  

. '  

I 
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Section Eight: References. 

? *..v--
I +l.li.  

The following format assembles the resur~from sampling and analysis activities in a 
r a t i o n ~ ~ ~ ~ ~ e n t i f i ~ ~ ~ i s c u s s ~ ~9 - P h  ~31:  sfiwtinmt-$pteni 'ih termsof its 

*>* ,A-

measured design and'operatingparameters and the concentration of contaminants in the raw and 
treated ++&e streams.j-'z 

2 4 -

Title Page 


Approval Page: Names, organizational addresses, and titles of the individuals 

. serving as Project Manager and Quality Assurance Officer in generating the d a k  

Introductory Pages: Table of contents, list of tables, and list of figures. 

Section One: Introduction. 

1.1 Short description of the Organization's participation in generating data for the 
Land Disposal Restrictions program. 

1.2 	Discussion of the goals of this treatment test, in terms of the waste being treated 
and the technology being evaluated, and how these goals were achieved. 

1.3 Preliminary discussion of significant deviations from the SAP. 

1.4 Brief introduction of the sections of the OER to follow. 

1.5 	 Table summarizing the test site and personnel: Name and address of treatment 
site; site antact names with addresses and telephone numbers; treatment test 
dates; names, titles, and addresses of EPA personnel involved in onsite 

'activities; names, titles, and addresses of those responsible for preparing the 
OER; and the name, address, and telephone number of the laboratory 
coordinator. 
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Section Two: Waste Being Treated. 

2.1 Qualitative discussion of waste: process generating it, regulatory history, II 

previous management and disposal problems unique to this waste, existing 
management practices, and discussion of results of earlier analytical 
investigations of this waste. 

2.2 Summary of data taken previous to this test characterizing the waste in tabular 7 
form. 

2.3 Summaqof analytical results on untreated waste samples in tabular form. 

Section Three_: Treatment System Being Evaluated. ‘-1 

3.1 Qualitative discussion of treatment system: how it worked, whether it is an 
established or innovative technology, whether the system was part of the 
generating plant’s existing onsite wastemanagement system or an offsite system 

1or a mobile unit, dimensions and capacities of process units, and key design and .i 

operating parameters. 

3.2 Tabular summary of design and operating parameters measured during the test. 

3.3 	Processdiagram of treatment system showing key units associated with design 
0

and operating parameters and sampling points. 

Section Four: Sampling and Analysis Activities and Results. 

4.1 Summary schedule of treatment test events and activities. 

4.2 Deviations from planned sampling and analysis operations. 

4.3 	Tabular summary of all analytical results, each referenced by sample code 
number and including the analytical method used. 

NOTE: Report on-allitems listed in Section four of the SAP,explicitly referencing 
it whenever appropriate. 

Section Five: QA/QC Measures Taken. 

5 .  I Tabulate collection, sample preparation, and analysis dates and (for preparation 
and analyses, the procedures) for each uniquely coded sample. 
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5.2 	List of the BDAT List constituents analyzed for in each sample for the raw 
waste and the treated waste residuals plus the analytical method used for each 
constituent. 

5.3 Narrative summary of analytical problems, deviations from SW-846, 
alternatives or equivalent to SW-846 and,sptions chosen among SW-846 
alternatives. 

5.4 Tabulation and explanation of any detectionG&ts e&kdi3g'f'$prli for BDAT 
List constituents. . ' ..:;;,Q> I. *it ;;: 

5.6 Data Quality Indicators: . + .'..	, .._ 
, .... 

Precision and accuracy data for the treatment test sample analytical results: 
spiking data (matrix and injection extracts, samples, and duplicates). 

Instrument and matrix detection limits, together with analytical method 
involved. 

5.7 Instrument and 'Procedure Verification: 

- Results of surrogate determinations performed for organic analyses. 

Results of QC check standards to be run for metals analyses. 

Results of all method-specific internal standards for GC and G U M S  
procedures. 

Section Six: Correspondence. 

Critical correspondence with EPA,generating facility and treatment facility. 

Appendix: 

Complete SAP 

Laboratory instrument calibration results. 

Laboratory QC checks (e.g., results for laboratory blanks, QC check samples,
reference samples. 
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3. METHODOLOGY FOR ESTABLISHING TREATMENT STANDARDS 

RCRA section 3004(m)Specifies that treatment standardsmust minimize long- and short-
term threats to human health and the environment arising from land disposal of hazardous 

wastes. EPA's general approach feamplying with this requirement was promulgated as part 

of ithe November 7, 1986, rule.' 
I 

me;legislative wry accompanying HSWA states that a-technical method u ~ e dfor 

treating hazardous waste should be "the best that has been demonstrated to be achievable," but 
l 

it /notes that Congress' intent is "to require utilization of available technology" and not a 

"pfocess which contemplates technology-forcing standards" (Vol. 130 Cong. Rec. S9178 (daily 

edition, July 25, 1984)). The word "achievable," theefore, does not require the use of 
exbrimend or emerging technologies in developing tratment standards. Rather, the intent of 
thk statute is to base tratment standards on the best technologies commonly in use and thus 
reasonably available to any generator. 

Accordingly, EPA's treatment standards are set in one of the following three modes: 
(1) concentrationsof hazardous constituents in wastewater and nonwastewater treatment residues, 
(2) specific treatment technologies for the waste, or (3) a combination of a specific treatment 
tekhnology for a type of residue and constituent concentrations. The treatment standards are 

I 

generally based on the performance of the "best demonstrated available technology," or BDAT. 
This approach involves the identifiation of applicable treatment systems for individual wastes 
or for groups of wastes; determination of whether these systems are "demonstrated" to achieve 

Iacceptably low effluent contaminant concentrations and "available" commercially; selection of 

the "best" of those that are demonstrated and available; and, if possible, collection of treatment 
data for the waste code of interest from representative well-designed and well-operated systems 

Ito serve as the basis for concentration-based or technology-based performance standards. 
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In the caseof numerical or concentration-based standards, EPA does not mandate the use 
of a particular technology. Waste treaters are free to use any method they choose, as long as 
the results achieve compliance with the numerical treatment standard. Numerical standards also 
allow waste trkters to use new and innovative technologies as they b m e  available so long 

as the numerical standards are achieved. 

In cases where analytical methods were not available tomeasure and ensure compliance 
for the constituents of concern in the treatment matrix or where sufficientperformance data were 
not available to eskblish numerical standards, a method of treatment was established as the 
BDAT treatment standard. Treaters are required to use the established technology to treat the 
waste. For these cases,condentration-based standards may be established in the future should 
an analytical method be developed to measure the constituents of concern or should an adequate 
surrogate or indicator constituent be identified to measure treatment and ensure compliance.-

However, to use new technologies as they are developed, treaters must apply for a variance and 
must be able to demonstrate that the performance of the new technology is equal to that of the 
established technology. 

Waste Treatabilitv GrouDS 

To determine the applicable treatment technologies, wastes may be clustered into 

"treatability groups" that are similar with respect to various parameters that affect the success 
of treatment. A single waste code can be divided into one or more waste treatability groups if 
the waste stream manifests itself in several well defined categories. These parameters can 

include such factors as physical state, water content, presence of similar hazardous and 
nonhazardous contaminants, organic content, heat content, pH, and so forth. As noted, waste 
treatability groups can include multiple waste codes, single waste codes, or subcategories of a 
single waste code, in any combination. Information on the waste characteristics of the 

"treatability" group are used to determine the applicable treatment technologies and to determine 
whether sufficient data are available to evaluate each of the applicable technologies. 
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For any particular waste treatability group, EPA first identifies applicable technologies 

th'lough literature reviews or on the basis of infomation providd by facilities currently treating 

the waste or similar wastes. In'some instan'cesa technologies used to separate or process 

ckemicals or other materials, such as%tort&g; &y potentially @vide waste treatment in cases 
I

where the wastes are si*r"nilattothe raw maten& processed, men though these technologies were 

not originally designed to treat hazardous waste. 
I 

From among the applicable technologies, EPA then identifies those that are 
I
I"demonstrated" for the particular treatability group. These technologies must be used in a full

s L e  operation for treatment of the waste, a similar waste, or raw materids similar to the waste. 
I

Where the Agency does not identify any facilities treating specific wastes from a particular 

group, it may "transfer" a finding of demonstrated treatment by comparing the parameters that 

affect treatment of the target waste group to parameters of other waste groups for which 

demonstrated treatments are known. For example, on the basis of technical literature and data 

cbIlected by the Agency, EPA considers rotary kiln incineration to be a demonstrated technology 
Ifor wastes containing hazardous organic constituents, high total organic content, and high 
1

filterablesolids content, regardless of whether any facility is currently treating specific hazardous 

yaste codes using this type of incineration. 

' The next step is to determine which of the demonstrated technologies is "best" for the 

$urposes of establishing BDAT. In defining "best," EPA considers only the effectiveness of 

treatment--the degree to which hazardous constituents in the waste are removed or destroyed. 

RCRA treatment technology evaluations do not consider economic factors. 
I 

I If only one technology is demonstrated for a particular waste group, then that technology 

is automatically "best." If two or more technologies are available, but acceptable data exist for 

only one of them, then the Agency decides whether to develop new data or to use engineering 
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judgment to determine whether the performan& of the documented technology is likely to be 

equal to, or better than, that of the others. If Several technologies are available, each with 

acceptable performance data, then the Agency compares the performance of these technologies 

using available data. 

The data com@Sons b o n g  several available technologies with acceptable performance 

data must be statistidy defensible to the extent that sample sizes and other technical factors 
permit. Before performing statistical tests, the Agency first adjusts the measured results to 

account for the accuracy of thk laboratory procedure used to generate the data. EPA then 
cornpares the adjusted performance levels using the statistical "analysis of variance" (ANOVA) 
technique to confirm that the technology selected as "best" does indeed perform statistically 
better than the others. (See Appendix B,F Value Determination for ANOVA Test.) If the 

differences among the available data sets are not statistically significant, then two or more 
technologies can both be considered "best demonstrated." 

Next, the Agency determines whether the best demonstrated technology or technologies 
are "available. " "Available" technologies must be both commercially available a provide 
"substantial treatment. " To be considered commercially available, the technology may be either 
a common technology in universal use (such as neutralization or incineration) or a proprietary 
or patented process that can be purchased or licensed from the proprietor or that is commercially 
available at a facility offering use of the technology for a fee. 

Technologies provide "substantial treatment" when they "substantially diminish the 
toxicity" of a waste or "substantially reduce the likelihood of migration of hazardous 

constituents" from the waste (consistent with the language of HSWA section 3004m). By 
establishing that treatment is "substantial," the Agency ensures compliance with statutory 
objectives and eliminates treatment methods providing little or no environmental benefit. 
Treatment will be considered to be. substantial if the available data from a well-operated 
treatment system show statistically significant reductions in concentrations resulting from 

-
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-	 treatment. This process involves the use of the s t a t i s t i d  analysis of variance (ANOVA)test 

as described in Appendix B. 

For organic constituents, EPA maures performane based on the total constituent 
. concentration found iwae treated-waste with M%xceptiOn of the wastes regulated under the.- -

Solvents and Dioxins Rule. This-is because -k&moIogh exist to destroy various organic 
compounds in waste, making the total amount of constituent left in the treated waste the more 

logicai measure of p&Ace., ". A 

' 1 1 '  .lr c. I _ .  
.. 

For all metal constitupts, EPA measures pedoGan& based on total constituent 
concentration and/or the Constituent cdncentration in the TCLP extract. When the BDAT 
invoIves a metals recovefy operation, EPA may use both total TCLP analyses to measure 
performance because it is important to establish both the effectiveness of recovery (measured by 

changes in total concentration) and the stability of any treated residuals that may be sent to land 
disposal (measured by TCLP analysis of the residuals). When the BDAT for metals involves 
only immobilization, such as stabilization treatment, the appropriate measure of performance is 

the1constituent concentration in the TLCP extract. 

3.3 EstablishinP Numerical Performance Standards on the Basis of BDAT 

Once the BDAT is determined for a particular waste code, EPA prefers, wherever 
possible, to define numerical performance standards in terms of concentrations of hazardous 
constituents in the nonwastewater and wastewater residuals that are produced during the 
treatment of the hazardous waste. 

* EPA's LDR for solvent waste codes F001-F005 and dioxin waste codes F020-F023 and 
F026-F028 (51 FR 40572) use the TCLP value as a meaSure of performance. At the time that 
EPA promulgated the treatment standards for these wastes, useful data were not available on 
total constituent concentrations in treated residuals, and, as a result, the TCLP data were 
considered to be the best measure of performance. 
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EPA develops numerical treatment standards using performance data gathered from 
representative facilities. Only data from well-designed and well-operated facilities are acceptable 7 
as usable-a judgment made on a case-by-base basis for each set of potentially usable data. Data 

need not be generated only by EPA; the Agency may use data submitted by industry, provided 

these dak are shown to be from a welldesigned and well-operated facirity and were generated 
4 

using adequate QNQCprocedures for laboratory data. d 

3.3.1 Evaluating the Adequacy of Existing Data 

All valid data available to the Agency may be used to establish BDAT-based perfmance 

standards. All data either collected by �PA or submitted by industry, research organizations, 

etc. for a specific waste code are published in the Administrative Record either during proposal 

or promulgation (depending on the date of submission) of the rulemaking for the specific waste 
code. Whatever the information source, however, the data underlying the performance standards 

must meet QA/QC standards. If the available data for a given technology/waste group 

combination are of adequate quality, then data can be "transferred" from another standard 

if they meet certain conditions. These issues are discussed separately below. 

(1) Criteria for acceDtine existiw daQ . EPA considers a number of factors in 

evaluating data sets as the possible bases for BDAT standards: 

1.  Data must come from technologies that are demonstrated and available. 

2. 	 The facility fiom which the data were generated must be well-designed and well-
operated. Design adequacy is determined through review of facility specifications; 
the essential requirement is that the facility include all processes needed to handle 
the hazardous constituents in the target waste group, as well as all nonhazardous 
constituents that could affect the system's performance in treating the hazardous 
constituents. Opemtions adequacy is determined based on a review of the 
performance range operathg parameters used during the treatment test versus the 
design operating specifications. Engineering judgment is used to review available 
performance data to determine whether the treatment system was well-operated and 
we11-designed. 
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3. 	 EPA reviews the adequacy of the QA/QC protocols followed in generating the 
laboratory analytical data. If these protocols are substandard or nonexistent, the 
data may be discarded. Engineering judgment may be used to detennine the quality 
of the available data. 

4. 	 All candidatedata sets for the treatment resid& must use measures of performance 
consistent with those being u s e d ~ ~set the standard (e.g., total constituent analysis 
for all hazardous (organic and inorganic) parameters for destruction or removal 
technologies and &lysis in the 'TCLPextrait ftx immobilization technologies). 

.I

5. 	 For a data set to be.accepted in whole or in pat, the data must show substantial 
treatment on a constituent-by-constituentbasis, Data should be provided for both 
untreated and treated concenmtims. Treat&,concenmtions must be lower than 
untreated concentrations. Statistical tests can be used to determine whether 
substantial treatment occurred. 

1 	 6. Data on concentrations in treated waste must be adjusted for accuracy using 
recovery factors specific to the laboratory tests. (SeeAppendix C.)

I 

1 
In situations where the available data show substantial treatment for one class of 

I 

donstituents but not for another, the Agency may conclude that the standard should be based on 
l 

a treatment "train" of multiple BDAT technologies operating as a system. This may be the case, 
I

for instance, in treating wastes that include both organics and metals. Incineration may show 
Isubstantial treatment of the organics, but not of the metals, which would require another form 

of treatment, such as stabilization. 

'
1 . 

(2) Transfer of treatment data or standara. In some instances, EPA is proposing
1
Iand has promulgated treatment standards that are not based on a treatment test of the waste in 

question by the selected BDAT technology. However, the constituents present in the subject
1waste were determined to be treatable to the same performance levels as those observed in other 
I 
wastes for which EPA has previously developed treatment data. EPP. believes such transfers 
are technically valid in cases where the untested wastes are generated from similar industries or 

hom similar processing steps, or have similar waste characteristics affecting performance and 

treatment selection. 
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Transfer of treatment standards to similar wastes or to wastes from similar processing 
steps requires a detailed comparison of the constituents of concern in the untested waste to those 
in the tested wastt. If the parameters that affect treatment performance for these constituents 

indicate that the untreated waste is equally as easy or easier to treat than the tested waste, then 
the transfer can be made. 

4 

3.3.2 Hazardous Constituents Considered for Regulation 

The list of hazardous constituents for which BDAT pedomance standards may, be , 
. esGblished is known as the BDAT Constituent List. The current list, provided in Table 2-1, is 

a subset of the constituents listed in 40 CFR 261, Appendix Vm; it also includes several 
ignitable constituents used as the basis for listing wastes for F003 and F005. Chemicals are 
listed in Appendix VIII if they have been shown in scientific studies tohave toxic, carcinogenic, 
mutagenic, or teratogenic effects on humans or other life forms; for instance, they include such 

substances as those identified by EPA's Carcinogen Assessment Group as being carcinogenic. 

There are'tJme major reasons why not all Appendix VIII constituents or the F003 and 

F005 ignitables are included on the BDAT Constituent List: 

I. dsEPA- DDrOV n vailabl Many 
constituents, such as 1,3,5-trinitrobenzene, are not measured adequately, or even 
detected, using EPA's analyticalmethods such as those published in SW-846Third 
Edition. EPA may choose to regulate a surrogate or indicator such as a 
decomposition or ionization product, if appropriate. 

2. 	 The constb e n t  is a member of a chemical moup desh a t e d  in ADDendix VI11 
ps "not otherwise s ~ e cified" (N.0.SJ1 Constituents listed as N.O.S.,such as 
chlorinated phenols, are a generic group of some types of chemicals for which a 
single analytical procedure is not available. For each N.O.S.group, constituents 
that can be readily analyzed are included in the BDAT Constituent List. 

3. 	 Available analvtical Drocedures are not aDproDnate for a comDlex waste matrix. 
Some compounds, such as auramine, can be analyzed as a pure constituent, but the 
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recommended analfical method may not positively identify the constituent in the 
presence of other constituents or in a complex waste matrix. 

The BDAT Constituent List is updated pcnodically and does not preclude the addition of new 

constituents as the problems above are resolved or deletion of Constituents if the available 
I 

analytical methods are determined not to bevalid for analyzing the constituent in residual 

matrices. The initial k t  was published in WA's Generic~QwZityAssurance Project Plan for 

La@ Disposal Restrictions Program (.BDAT,P) (EPA15302.SW-87-Olf).;since then constituents 

haJe been added, deleted, and annotated to note the possibility of analytical problems, especially 

in blid matrices. 

I 

- 3.3.3 Selecting Constituents for Inclusion in the Standard 

A performance standard for treating a particular waste group will list acceptable 

concentrations of BDAT list constituents in treated residuals. The standard will not necessarily 

include all BDAT list constituents analyzed in a particular waste stream, and may, in some 

instances, include one or more BDAT list constituents that have not been detected in the waste 
strkam. The rationale for selecting constituents for inclusion in a standard is as follows. 

The constituents considered for regulation in each waste code are, in general, those for 
I 

which available data show statistically significant reductions in concentrations resulting from 

treatment. This process involves the use of the statistical analysis of the ANOVA test described 

in IAppendix B. EPA interprets a statistically significant reduction in concentration as evidence 

that the technology actually "treats" the waste. 
I 

In some instances, EPA may regulate constituents that are "not detected" in the untreated 

waste but are detected in the analyzed residual (ash, sludge, etc.). This may happen, for 

instance, where the presence of other constituents in the untreated waste matrix interferes with 

quantification of the constituent of concern. The result may be a finding of "not detected" when 
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in fact the constituent is present in the waste. EPA may also choose to consider a constituent 
not found in a particular sampled untreated waste if it believes that the constituent is likely to 

be present in the same hazardous waste generated by another source. For example, EPA may 

choose to regulate all conceivable hazardous solvents that might be used in paint or ink 
manufacture, even if the available performance data do not include them all. This is done to 

preclude generators-fromusing alternative materids that arc hazardous to meet the regulation 
for the was& code instead of treating the waste material. 

--=A then reviews the candidate constituents list to cietekine whether any can be 

exciudd from regulation: because they would be indirectly controlled by regulation of other 
constituents. For instance, an incineration regulation might regulate only the least combustible 
organic compounds present in the waste since achievement of a standard for these compounds 
would ensure achievement of adequate treatment for the others. This approach is intended to 
reduce analytical cost burdens on the treater and also to facilitate implementation 0: the 
compliance and enforcement program. 

3.3.4 Calculation of Numerical Performance Standards 

The final step in setting a performance standard is to define the maximum acceptable 

constituent levels in treatment residuals for the selected BDAT list constituents for a particular 
waste treatability group, based on the performance of the BDAT technology. This is done by 

multiplying the avemge treatment value observed in the acceptable available data by a factor 
known as the "variability factor." 

Only data obtained from treatment systems determined to be welldesigned and well-

operated are used to calculate performance standards. Parts or all of the available data for a 
treatment test may be discarded on a case-by-case basis. For example, if the residence time for 

a waste during a particular test run was substantially shorter than the planned value, EPA might 

n 


3 

0 

1 
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conclude that the system was not properly operated during that run and would discard the 

associated treatment results in calculating average treatment efficiencies. 

The variability factor used tocalculate performance standards takes into account that even 

weil-designed and well-operated treatment systems will experience some fluctuations in 

performanc+ These fluctuations may result from inherent mechanical limitationsin treatment 

control systems, treatability variationscaused by changing influent loads, unavoidable variations 

in procedures for collecting treated samples, or variations in sample analysis. Setting treatment 

sdndards using a variability factor should, therefore, not be viewed as a relaxation of the 

rekpirements of section 3004(m), but rather as a response to normal variations in treatment 

priocesses. As a practical matter, facilities will have to incorporate variability factors into 

pdocess design to ensure performance that is more stringent than the standard in order to ensure 
cdntinuous conipliance with the standard. -

EPA calculates the variability factor for each selected constituent of concern using the 

statistical methods described in Appendix D. The equation is the same as that used for the 

development of numerous regulations in the Effluent Guidelines Program under the Clean Water 

Act. It sets the standard at the upper 99th percentile value concentration of the constituent 

eipected in the treatment residual, using the mean and standard deviation calculated from the 

acceptable available data, and assuming that performance varies lognormally. 

An additional step in the calculation of the treatment standards occurs when the ANOVA 

test shows that more than one technology achieves a level of performance that represents BDAT. 

In such an instance, EPA first averages the mean performance value for each technology for 

each constituent ofconcern and then multiplies that value by the highest variability factor among 

the technologies considered. This ensures that all BDAT technologies used as the basis of the 

standard will achreve full compliance. 
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3.3.5 . Recovery/Recycle 

In developing treatment standards for the LDR program, the Agency has at times chosen 
to modify the BDAT methodology that was presented in the 1989 Methodology Document. This 
occurred when treatment performance data from recyclinglncovery technologies were being 
considered as a basis for standards development together With data from destruction and removal 
technologies. Part of the rationale for modifying the methodology where recycling/recovery 
technologies are behg considered is the fact that the RCRA favors use of recycling and recovery 

r - - 5  

technologies. (S&, e.g., H.R. Rep. No.l98,98th Cong. 1st Sess. 31.) Therefore, the Agency 
may ch&se to m&fy the standard BDAT approach for setting treatmentstandards in those 
situations where recycle/r&very technologies are being considered along with other 
technologies that involve destruction and removal. EPA may then determine that it may not be 
appropriate to set treatment standards based on the technology that is determined to be "best" 
(as determined by statistical comparison). 

The Agency recognizes that not basing treatment standards on the "best" technology (as 
determined by statistical comparison) may result in treatment residues that may not be minimized 
in mobility or toxicity to the maximum extent. However, the Agency believes that a modified 

methodology (where the recycling/recovery technology may be given preference) may be 
appropriate if the recycling/recovery technology is welldesigned and well-operated and 

represents significant reduction in the mobility and or the toxicity of a waste of concern. 

Further, the Agency believes that such a modified approach to developing treatment 
standards where recycling/recovery technologies are given preference is consistent with the 

language of RCRA section 3004(m) and with the overall statutory goals of encouraging material 

reuse and waste minimization. (See e.g., RCRA section 1003 (a)(6).) 

EPA used modified approaches in developing treatment standards in at least two 
rulemakings for the LDR program (Le., the amendment to the K048-KO52 rule in the Third 
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Third final rule, and in the rcccnt final rule for KO61 high zinc suhkgory nonwastewaters). 

In both rules, the Agency notes that the treatment standards are based on treatment technologies 
that may not achieve complete destruction or removal but, nevertheless, achieve substantid 
reduction in the mobility and or toxicity of the waste of c o n m .  

The following discussion of the modified BDAT methodologks used for developing the 
f ind amended treatment standards for K048-KO52wastes and the final &ament standards for 
KO61 high zinc subcategory nonwastewaters illuminates how EPA has included recycling and 

recovery considerations in earlier decisions to set treatment standards. 

First, it must be noted that the Agency determined in the final First Third rule for KW8-
KO52 that incineration and solvent extraction are BDAT for the organic constituents in . 

K048-KO52 nonwastewaters. EPA noted that in selecting both solvent extraction and incineration 
as BDAT for K048-KOS2 it has included a technology that does not destroy or remove the 

organic constituents of concern as well as incineration. EPA believed this was a permissible and 

rational choice given that solvent extraction is a recovery technology and because of RCRA's 

strong preference for use of such technologies. 

In the development of the amended treatment standards for K048-KO52, the Agency was 
concerned with setting realistic and achievable treatment standards. The Agency adopted a 

modified methodology in determining treatment standards to account for the variability in 

K048-KO52 wastes generated from different refineries. The Agency had a wide range of 
constituent concentration data for untreated KO48-KO52. The most difficult to treat wastes in 

KO48-KO52 were typically those containing the highest concentrations of constituents in the 
untreated waste of the constituents of concern. The Agency attempted to account for vkations 
in the feed in assessing the performance of the BDAT technologies (Le., solvent extraction and 

incineration). This was particularly important since treatment performance data avelable to the 
Agency indicated that solvent extraction technologies are to some extent matrix dependent (only 

. data from solvent extraction were used to develop the final amended standards for K048-KO52). 
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The Agency had treatment data from the following four sources: 

1. Five-pass solvent extraction followed by centrifugation (from plant Q; 
2. Three-pass solvent extraction (from plant R);
3. Threepass solvent extraction (plant T); and, 
4. Fluidized-bed inchieration (fromplant A). 

a 
It should be noted that although the data from incineration were determined to provide 

the best treatment (the organic constituent removal efficiency for solvent extraction was 
98percent on average compad to 99 percent for incineration), the constituent removal 
efficiency of solvent extraction was eomparable to incineration. However, the data from 
incineration were not used to develop the treatment standards (for organic constituents) because 
it would have resulted in standards that were technology-forcing. 

i 

Moreover, due to the resource recovery potential associated with solvent extraction, it 

was given preferential consideration and was designated the best technology. Incineration was 
not designated as best as would have been the case if the standard BDAT methodology had been 

used. 

The treatment standard for each org,anicconstituent in K048-KO52nonwastewaters was 
calculated as follows: 

1. 	 The four available data sources from Plant Q,R, T, and A were reviewed to 
determine the sample set with the most difficult to treat waste, typically the one 
with the highest concentration value (including detection limit values) for the 
constituent in the untreated waste. The Agency assumed that high detection limit 
values in the untreated waste for several data sets indicated high concentrations of 
a constituent if other data (untreated waste data or the presence of the constituent 
in the treated waste) indicated that the constituent was indeed present in the 
untreated waste but was not detected because of matrix interferences. 

2. The concentration of the constituent in the treated waste that corresponded to the 
* untreated waste concentration representing the most difficult to treat waste was then 

multiplied by a variability factor of 2.8 to derive the treatment standard for the 
constituent. The variability factor of 2.8 is used by the Agency to account for 

3 

il 

1 
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treatment standards. The Agency then compared the four sets of'traunent Standards a d  

selected the highest standard as the treatment standard for each regulated metal. 

In development of the treatment standards, the Specific calculations were dependent on 

the different scenarios that the datapresented, as explained below. All data were corrected for 
accuracy before calculating treatment standards: 

c 


. 

4 

-

1. 

2. 

3. 


4. 

5 .  

If the data consisted of all detected values, then the standard BDAT formula was 
used to calculate the treatment standard, Le., Treatment Standard (TS)= Exponent
(EXP)(mean of the logtransformed data + 2.33 (the standard deviation of the 
logtransformed data)). 

If the data consisted of detected values and nondetected values (Le.,detection limit), 
the highest detection limit was identified. If any of the detected values were below 
but not above the highest detection limit, the highest detection limit was multiplied 
by a variability factor of 2.8 to derive the treatment standard. 

If the data consisted of both detected values and nondetected values and the detected 
values were both above and below the highest detection limit identified in the data 
set, the standard BDAT formula was used, Le., TS = Exp (mean logtransformed 
data +2.33 (the standard deviation of the logtransformed data)). 

If the data consisted of all nondetected values (detection limit), the highest detection 
(not the mean of the detection limit) was multiplied by a variability factor of 2.8 to 
derive the treatment standard. 

If the data consisted of just one datum point, the datum point was muItiplied by a 
variability factor of 2.8 to derive the treatment standard. 

In some circumstances, it is not possible to develop concentration-based performance 

standards, in which case the Agency has set a performance standard based on a specific 

treatment method. This may happen when an analytical procedure is not available to measure 

the constituent of concern or an appropriate surrogate or indicator constituent cannot be 

identified to measure the treatment performance. 
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variability when only one data point is used in a treatment standard calculation. 
(Note 2.8 is also used when all the values are below the detection limit.) 

Further, EPA did not believe that it would be technically valid to develop a variability 

factor for each constituent by pooling all the available treatment performance data for solvent 

extraction, because the data were obtained from several different types of solvent extraction 

technologies, and each treatment test generating data was conducted under different conditions. 

Therefore, the result of pooling the data would have been an artificially high variability factor 

leading to unrealistically high treatment standards. 

The Agency believes that this methodology in determining treatment standards accounts 

for refinery variability in KO48-KO52. The Agency also accounted for the variability inherent 

in performance of treatment systems as well as in the collection and analysis of treated waste 

samples by using a variability factor in the calculation of the revised treatment standards. 

In the development of treatment standards for KO61 high zinc subcategory 

nonwastewaters, the Agency was concerned with setting achievable treatment standards for all 

the well-designed and well-operated High Temperature Metals Recovery (HTMR)processes. 

(HTMRwas BDAT for K061.) The Agency was concerned with the variability of treatment 

from the different HTMR processes and with potential detection limit problems that could result 

from analytical equipment variability and TCLP digestion problems for the slag matrix. 

1 

As a result of these concems, EPA used a slight modification to the BDAT methodology 

for calculating the treatment standards detailed as follows. In summary, four separate sets of 

treatmeilt standards (for the metal constituents) were calculated from four individual sets of 
HTMR treatment data representing different HTMR processes. It is important to note that the 

Agency used only data that were determined tobe from well-designed and well-operated HTMR 
processes. This is an important consideration because data processes that were not well-

operated, in some cases, indicated wide variability that would yield very high and unrealistic 
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The Agency sets methodof-treatment standards in two cases. First, for ignitable, 

reactive, and othedse unstable wastes, EPA specifies a deactivation process. For relatively 

stable wastes which are difficult to analyze chemically, EPA sets as a method of treatment that 

technology demonstrated to treat a similar waste, or waste component, to acceptably low levels. 

1 

i 1 1J.& 
- 2 2 

- L 

* I  
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4. 	 TREATMENT STANDARDS CALCULATED AND 
PROMULX;ATED UNDER THELDR PROGRAM 

As of May 8, 1990, treatment standards had been promulgated for the following: 

Solvents and Dk&s Rule - Nwember 7, 1986; 

California Rule - Jdfg, 1987; 

First Third SchedukfWaSth -'August 8, 1988; " 


Second Third Scheduled Wastes - June 8, 1989; and 

Third Third Scheduled Wastes - May 8, 1990. 


This Background Document tabulates all of these standards. 

All treatment standards promulgated under the LDR Program were based on the best data 

available at the time of promulgation. 

It should be noted that the treatment standards in the Solvents and Dioxins Rule are based 
on the TCLP, whereas, for subsequent rules, the treatment standards are based on total waste 

analysis for organics and inorganics for destruction or removal technologies (such as incineration 

of solvent extraction) and TCLP for inorganics for immobilization technologies (such as 

stabilization or vitrification). 

Table 4-1 summaxjzes the information on how the standards were calculated for each 
waste code. Table 4-1 includes the following: 

The technology; 

The type of treatment data, Le., whether data were based on the actual waste code 
or on a similar waste code; and 

The type of QC data used to adjust the standard. 
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Appendix E summarizes the standards by BDAT constituent. 
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APPENDIX A 

Outlier procedure 



An outlier in a data set is an observation (or data point) that is significantly different from 
the other data. The measure of difference is determined by the statistical methods known as a 

2-score.. Because the oukcr test assumes data to be normally distributed, it is necessary to 
transform the data by computing the logarithm of each data point before performing the outlier 
test. The Z-score'is calculated by dividingthe differen= between the data point and the average 
of the data set by the standard deviation. Fordata, this is normally distributed, 99.5 percent (or 
two standard deviations) of the measurements will have a 2-score between -2.0 and 2.0. A data 
point outside this range is not considered to be representative of the population from which the 
data are drawn. -

EPA uses this statistical method to c o n h n  that Certain data do not represent treatment 
by a well-operated system. The Agency uses thismethod only in cases where data on the design 
and operation of a treatment system were limited. This method is a commonly used technique 
for evaluating data sets. 

. 

15254031.002 A- 1 




-.
li 


-. 

APPENDIX B 

ANOVA Test 



F Value Dete-ion . .  for ANOVA T a  

EPA is using the dtisticalmethod knownas analysis of variance (ANOVA)todetermine 
the level of performance that rcprcsents "best" treatment where more than one technology is 
demonstrated. This method provides a measure of the differences between data sets. 

If the Agency finds that the levelsof performance for one or more technologies are not 
statistically different(Le., the data sets arc homogeneous), EPA then averages the long-term 
performana values achieved by each t@nology and rnultiplh this value by the mest 
variability factor associated with any of the acceptable technologies. If EPA finds that one 
&hnology performs significantly better (Le., the data sets are not homogeneous), the "best" 
dhnology would be the technology that achieves the best level of performan=, Le., the-

tekhnology with the lowest mean value. 

To determine whether any or all of the treatment performance data sets are homogeneous 
using the ahlysis of variance method, it is necessary to comparea calculsrrrl "F value" to what 
is' hown as a "critical value." (SeeTable El.) These Critical values are available in most 
statistics texts (see, for example, Statistical Concepts and Methods by Bhattacharyya and 
Johnson, 1977,John Wiley hblications, New York). 

Where the F value is less than the critical value, all treatment data sets arc homogeneous. 
If the F value exceeds the critical value, it is necessary to perform a "pair wise F" test to 

determine whether any of the sets are homogeneous. The "pair wise F" test must be done for 
all of the variouS combinations of data sets using the same method and equation as the general 
F test. 
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CE:T: CAL VALUES 




The F value is calculated as follows: 

(i) All data are natural logtransform&. 
I (ii)_ The sum of the data points for each data set is Computed (Td.-

I (iii) me statistid parameter known as s e  sum of the Squans between &ta sets 
I (SSB)is computed: f 

'i 
I -
I 

I where: 

k = number of treatment technologies 
ni = number of data points for technology i 

... 
i N = number of data points for all technologieS 
I Ti = sum of ~ t w a llogtmasformcd data points for each technology. 

I (iv) The sum of the squares within data sets (SSW) is computed: 

I
i o 

where: 
I

I xij = The n a d  logtransformed observations (i) for treatment technology (i). 
I 

I (v) The degrees of freedom corresponding to SSB and SSW are calculated. For 
1 SSB,the degree of freedom is given by k-1. For SSW,the degree of fieedom 

is-given by N-k. 



(vi) Using the above parameters, the F value is calculated as follows: 

where: 

MSB = SSB/(k-l) and 
MSW = SSW/(N-k), 

. 
A computational table summarizing the above parameters is shown below. 

Computational Table for the F Value 

Source 
Degrees of 

freedom' 
Sum of 
SQ- Mean square F 

Between k-1 SSB MSB = SSB/k-1 
MSBIMSW 
Within N-k ssw MSW = SSWM-k 

Following arc thret examples of the ANOVA calculation. The first two represent 

treatment by different technologies that achieve statistidy similar tratment; the last example 
represents a case where one technology is significantly better treatment than the other 
technology. 
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UUCS muat We-) we-)? 
wn) crJr).-
1550.00 10.00 230  529 
1290.00 1 10.00 230 *- 5.29 
w.00 10.00 2-30 5.29 
5 1 ~ . 0 0  12.00
~ 4 ~ 0 . 0 0 ,  10.00 
8600.00 1 30.00 

2.q -' 
u O (  
230 ; 

6.15 
5.29 
5.29 

1760.00 10.60 230 J.29 
uoo.00 I 10.00 230 529 
4800.00 1o.w 2.30 5.29 

Sum: 
-. 23.18 53.76 

s.mplc s i :  
10 IO 10 

M-: 
3669 10.2 . 2.32 

suad.rd Dcviuion: 
, 3328.67, .63 .06 

ANOVA C.lcUlatiom: 

MSW = SSWI(N-k) 

Lumpk 1 
Methylcor OLOridc 

saflua 
Biolonicd ~IU-

Emucor Wern-) M e r n u m T  
0 

1960.00 10.00 230 5.29 
2568.00 10.00 230 5.29 
1ai7.00 10.00 230 5.29 
1640.00 26.00 3.26 10.63 
3941.00 r'g.00 230 5.29 

12.46 31.79 

5 5 5 

ma 13.2 2.49 

923.04 7.15 .43 
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T: - 53731 T: = 155S . .  

P&B = 0.10/1 = 0.10 

MSW = o.nm - 0.06 

0.10
F---1.67 

0.06 


ANOVA Tabb 
. . 

D e p M  of 
fmedom ss MS F vdue 

kmoen(B) 1 0.10 0.10 1.67 
W & O  13 o.n 0.06 

The critical vrluc of tbc F aemat Ibc0.05 sipil6urwo kvdt4.67. S i c  the F vdw u Icu ?hnthe cr i t iu l  vdue, the mu01m no( m p n i f i d y  diffma 
&e.. they .I+ho-). 
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230 5.29 

5.29 

htlm 
(rrm 

bctiviteddud- f b u o v c d  bv
Efflurrn We-) 
(wn) 

lIa(o-)P 
Inpurar 

Wn) 

Biolomcrlo ~ t m c o tmumt kr(crnUc0t) 

0 

b(Cm-))P 

1650.00 10.00 230 5.29 200.00 10.00 230 5.29 
5200.00 10.00 230 5.29 224.00 10.00 
5000.00 10.00 230 5.29 134.00 10.00 230 5.29 
lt30.00 10.00 230 . 5.29 150.00 10.00 2302.79 7.7a 
1560.00 10.00 ' 230 5.29 484.00 16.25 230 529 

10300.00
210.00 10.00 23010.00 230 

5.29
5.29 

163.00 
182.00 

10.00 230 
10.00 

539  

1600.00 27.00 330 10.89 
204.00 
160.00 

85.00 4.44 
10.00 230 

19.71 
5.29 

SUm: 16.59 39.52 
26.14 nm . 

Ssmpk S*&: 
10 10 10 7 7 . 7 

M w :  
2760 19.2 2.6 1 220 10.89 237 

suadvdDcvirtion: 
3209.6 23.7 .71 120.5 2.36 .19 

Varkbity h ~ m r :  
3.70 1.53 

MSW SSW/(N-k) 
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.. n 

3 

3 

O Sp I - - 0.78
Q.32 


ANOVA Tablo . 

Between@) 1 0.25 0.25 0.78 
I WlIbinO 1s 4.79 032 
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- -  

7200.00 80.00 
6500.00 70.00 
6075.00 35.00 
3040.00 10.00 

sum: 

Sample shc: 
4 4 

Mun: 
5703 49 

suodvdDcvktion: 

1835.4 32.24 

Var i rb~vFFtor: - I 7.00 

4 3 1  19.11 9206.00 1os3.00 6.99 4.86 
4.25 11.06 1 M . 0 0  709.50 6.56 43.03 ' 

336 12.67 49775.00 460.00 6.13 37.51 
230 S:29 14731.00 142.00 4.96 24.60 

3159.00 403.00 6.40 40.96 
6756.00 153.00 5.a 2s30 
3040.00 17,aO 2.83 8.01 

14.49 - 55.a 38.90 228.34 

4 7 7 7 
i 

3.62 14759 ' 452.5 . 5.56 

.95 16311.86 379.04 1.42 

15.79 
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n 


'I 


4 7 11 


f 

MSB = 9531 = 9.52 

MSW - 14.8819 = 1.65 

F = 95Y1.65 - 5.77 
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APPENDIX c 

Accuracy Comction Procedure 



To c a l c W  mknt standards, it is first necessary to adjust laboratory results for 
w q ,based on the laboratory tat's "recovery value" for each constitbent it analyzes.' The 
recovery value measures the amount of constituent recovered after "spiking"-the addition to the 

~ waste sample of a hown amount of constituent. The recovery value is equal to the amount of 
obnstitucnt recavcrcd aftex spiking, minus the initial concentdonin the sample, divided by the 
amount recovered, 

Once the recovery value is determined, the following procedures arc used to select the 
appropriate percent recovery value to adjust the analytical data: 

1. 	 If duplicate spike fecovery values arc available for the constituent of interest, the data 
are adjusted by the lowest available percent recovery value-the value that will yield the 
most conservative estimate of treatment achieved. (If a spike recovery value of less than 
20percent is reported for a specific constituent, however, the data cannot be used to set 
a nhtional treatment standard and are discarded.) 

2. 	 If data are not available for a specific constituent, but are available for an isomer, then 
the spike recovery data are transferred from the isomer, and the data are adjusted using 
the percent recovery selected, according to the procedure described in (1) above. 

3. 	 If data are not avaiable for a specific constituent, but are available for a similar class of 
constituents, then spike recovery values for this class of constituents are transfend. All 
spike recovery values greater than or equal to 20 percent for a spiked sample are 
averaged, and the constituent concentration is adjusted by the average recovery value. 
If spiked recovery data ate available for more thanone sample, the average is calculated 
for each sample and the data are adjusted by the lowest average value. 

4. 	 If spike recovery data are not available for the waste matrix, then spike recovery values 
are transferred from a waste that the Agency believes is a similar matrix. For instance, 
if the data are for an ash resulting from incineration, then data from other incinerator 

It may alsq be necessary to estimate recovery values in order to perform the ANOVA test 
discussed in Section 3.2 to determine which demonstrated technologies are "best." 

15254038.002 c-1 
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ashes could be used. This is not an exact analysis, but it is considered the best practical
approach. In assessing the recovery data to be transfmed, the procedures outlined in 
(1). (2), and (3) above are followed. 

The analyticalprocedures employed to generate the data used to calculate each treatment 
standard for tested wastes are provided in the background document prepared for that waste. 

Any altanativcs or equivalent procedures and/or equipment allowed by the approved methods 
will also be documented in EPA’s SW-846,Third Edition (November 1986). NOTE: The 
Agency willuse the methods and procedures presented in each background document to enforce 
the treatment standards. Facilities should, therefore, use these procedures in assessing the 
performance of their treatment system. 

15254038.002 c-2 
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APPENDIX D 

Variability Factor 



a 


where: 
vF= 	 estimate of the daily maximum variability factor determined from a sample

population of daily.bata. ~ 

G9= 	 Estimate of performance values for which 99 percent of the daily observationswil l  
be below. C,is calculated using the following equation: C,= EXPO,f 2.33 
Sy) where y and Sy are the mean and standard deviation, respeztively, of the 
logtransfomed data. 

Mean = Average of the individual performance values. 

EPA is establishing this figure as a maximum, because the Agency believes that on a 
day-today basis the waste should meet the applicable treatment standards. In addition, 
establishing this requirement makes it easier to check compliance on a single day. The 99th 
percentile is appropriate because it accounts for almost all  process variability. 

I In seveial cases, the results from analysis of the residuals from BDAT treatment are 

I


fpund at concentrations less than the detection limit. In such cases, all the actual concentration 


dalues are considered tobeunknown and, hence, cannot beused to estimate the variability factor 
of the analytical results. The following is a description of EPA's approach for calculating the 
hiability factor for cases in which all concentrations are below the dewtion limit. 

It has been postulated that a lognormal distribution adequately describes the variation 
Long concentrations. Agency data shows that the treatment residual concentrations are often 
distributed approximately lognormally. Therefore, the lognormal model hasbeen used routinely 
in =A's development of numerous regulations in the Effluent Guidelines Program and i s  being 

15254038.002 D-1 
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used in the BDAT program. The variabsty factor (vF> was defined as the ratio of the 99th 
percen&le (G)of the l o g n o d  distribution to its arithmetic mean (Mean). 

The relationship between the parametersof the lognormaldistributan and the parameters 
of the normal distribution created by takbg the natural logarithms of the lognormally distributed 
concentrations can be found in most xnathematid Statistics texts. (See, for cxample, Volume 
1, by Johnsow and Koa,1970). The meam of the lognopmal distribution can be expressed in 

terns of the mean @) and standard deviation (0) of the normal distribution as follows: 

& = Exp o( + 2.33 ) (2) 
Mean = Exp @+ 0.52) (3) 

By substitution (2)and (3)in (l),the VF can then be expressed in termsof u as follows: 

VF = E x p  (2.330 - 0.W) (4) 
(I'Isy 

For residuals with concentrations that are not all below the detection limit, the 99th 
percentile and the mean can be estimated from the actual analytical data and, accordingly, the 
VF can be estimated using equation (1). For residuals with concentations that are below the 
detection limit, the above equations can be used in conjunction with the following assumptions 
to develop a VF: 

Assumption 1: The actual Concentrations follow a lognormal distribution. The 
upper limit (UL) is equal to the detection limit. The lower Limit (LL) is equal to 
one-tenth of the detection limit. This assumption is based on the fact that data 
from welldesigned and well-opemted treatment systems generally fall within one 
order of magnitude. 

3 

3 

9 

r-. 
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Assumption 2: The natuxal logarithms of the concentrations have a normal 
distribution with an upper limit equal to In (UL) and a lower limit equal to i n  
n,L) 

Assumption 3: The standard deviation (u) of the normal distribution is 
approximated by: 

4 ,  $C2-
- u = [(ln (UE) - In.(U)] / [(2)(2.33)1 = [ln(UTLL)] 1 4 . q  (5)

G 5 L  
(Note that whenIL= (O.l)(UL) as in Assumption 1, then u = (ln10) / 4.%@= 0.494.) 

Substitution of the u values from equation (5) into equation (4) yields the VF. 

I 
I 

I VF = 2.8 

I 

For concentration data with only two data points, a reliable estimate of the variability 

bf the data and, hence, the VF cannot be obtained. Nevertheless, the following procedure 

assumes that the population of concentration data from which these two samples were drawn is 

lognormally distributed. It is also assumed that the values of these two samples represent an 

I
lestimate of the range (min and max) of population data. 


I 

I 


l The standard deviation u of the corresponding normal distribution can be estimated using 


ithe ratio of the two available data points, R,(larger valudsmaller value) as 

I 
u = flog (R)] / (2*2.33)= logW4.66 (6)

I 

I For several values of R (10,20,...loo)),the value of VF was obtained and tabulated in 
I Table C-1. Touse the table to fmd the VF (ascalculated using (4)), the ratio of the larger value 

1 to the smaller value is obtained and rounded to the nearest R value in the Table. Alternatively, 
can be calculated by combining equations (4) and (6). The treatment standard is then 

1 calculated as: 

~ 15254038.002 D-3 



= (VF) (ma) (7) 

3 
The mean is the average of the two treatment values. 

e 
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Table D-1. Vatiability Factors When only TwoData Points Are Available 

. .  

Ration of larger value Variability Factor
to smaller value 


(order of magnitude) 


' *5 2.11 

10 2.80 

20 3.64 

30 4.20 

40 4.62 

50 4.97 

60 5.27 

70 5.52 

80 5.75 

90 5.95 

100 6.14 

I 
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APPENDIX E 

Calculation of Variability Factor When AU 
Treated Residual Concentrations are 

Below the Detection Limit 

,' 



Calculation of Variability Factor 
When All Treated Soil Concentrations 

PIP Below the Detection Limit 

. 
Agency data show that the treatment residual concentrations are often distributed approximately 

. 	 lognormally. Thmfore, the l o g n o d  model has been uscd routinely in EPA's development
of numerous regulations in the Effluent Guidelines Program and is being used in the BDAT 
program. The variability factor (VF) was defined as the ratio of the 99th-tile (&) of the 
lognormal distribution to its arithmetic mean (Mean), 

The relationship between the parameters of the lognormal distribution and the parameters of the 
normal distribution, created by taking the natural logarithms of the lognormaUy distributed 
concentrations, can be found in most mathematical statistics texts. (See,for example, Volume 
1, Johnson and Kotz, 1970.) The mean of the lognormal distribution can be expressed in terms 
of the r n d  (p) and standard deviation (s) of the n o d  distribution as follows: 

CW = &p (p + 2.33 S) 

By substitution (2) and (3) in (l),the VF can then be expressed in terms of (s) as follows: 

VF = i3p (2.33 s - 0.5s') (4) 

3254110.01\005 E-1 



For residuals with concentrations that are not all below the detection limit, the 99thpercentile 
and the mean can be estimated from the actual analytid data and, w d i n g l y ,  the VF can be 
estimated using equation 1. For residuals with Concentrations below the detection limit, the 
above equations can be used in conjunction with the following assumptions to develop a VF. 

0 	 Assumption 1: The actual concentrations follow a lognormal distribution. ThC 
upper limit (UL) is equal to the detection limit. The lowep limit (LL) is equal to 
one-tenth of the detection limit. This assumption isbased on the factthat data from 3 
welldesigned and wdqxxatcd -treatmmasystems generally fall within one order 
of magnitude. 

0 	 Assumption 2: The natural lozarithms of' the concentrations have a normal 
distribution with an upper limit qual  to In (VL) and a low= limit equal to In (LL). 

0 	 Assumption 3: The standard deviation of the normal distribution is approximated 
by: 

s = [(ln (UL)- In (LL)]1 [(2)(2.33)] = [ln(U'KJ] 14.66 . (5) :I 

(Note, when LL = (O.l)(UL) as in Assumption 1, then s = (ln10) / 4.66 = 0.494.) 

Substitution of the s values from equation (5) into equation (4) yields the VF. 

VF = 2.8 (6) 

For concentration data with only two data points, the following procedure can be used to 
estimate the variability of the data. This procedure assumes that the population of concentration 
data from which these two samples were drawn is lognormally distributed. It is also assumed 
that the values of these two samples represent an estimate of the range (min. and max.) of 
population data. 

I 

4 

The standard deviation (s) of the corresponding normal distribution can be estimated using the 
ratio of the two available data points, R, (larger valudsmaller value) as: 

s = m(R)J1 (2*2.33) = lnRJ4.66 (7) 
* 

25254110.01\005 E-2 
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For several values of*R(lo, 20,...100), the value of VF was obtained and tabulated in Table 
F-1. To use Table F-1to find the VF (as calculated using (4)), the ratio of the larger value to 
the smaller value is obtained and rounded to the nearest R value. Alternatively, VF can be 
calculated by combining equations (4) and cr). The treatment standard is then dcuiatd as: 

The mean is the average of the two treatment values. 

25254110.01\005 E-3 



Table F-1 Variability Factom When only Two 
Data PointsAre Available 

Ratio of larger value 
to smaller value 

. (order of magnitude) Variability Factor 

5 2.11 

10 2.80 

20 3.64 

30 4.20 

40 4.62 

50 4.97 

60- 5.27 

70 5.52 

80 5.75 

90 5.95 

100 6.14 

h 
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APPENDIX F 


Regulatory Standards for BDAT List Constituents 




1. 


2. 

3. 


40. 

5, 

6. 


7 ,  

8. 

REGULATORY STANDARDS FOR BDAT LIST CONSTITUENTS 

Footnotes . . . . . . . . . . . . . . . . . . . . . .  
A 

Volatile Organics . . . . . . . . . . . . . . . . . . . .  
Semivolatile Organics . . . . . . . . . . . . . . . .  
Metals . . . . . . . . . . . . . . . . . . . . . . .  
Inorganics Other than Metals . . . . . . . . . . . .  
Pesticides/Herbicides/Insecticides . . . . . . . . .  
6.1 Organochlorine Pesticides . . . . . . . . . . .  
6.2 Phenoxyacetic Acid Herbicides . . . . . . . . .  
6.3 Organophosphorous Insecticides . . . . . . . . .  
PCBs . . . . . . . . . .: .  . . . . . . . . . . . . .  
Dioxins and Furans . . . . . . . . . . . . . . . . .  

F-1 
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? 

27 

28 . 

28 ' 
30 
30 

31 


31 
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FOOTNOTES 


1. Wet air/carbon for salts. 


2. 	 Based on EP leachate analysis but this does not preclude the 
use of TCLP- analysis. 

3 .  	 Sum of diphenylamine and diphenylnitrosamine. 

4 ,  High marc& subcategory 2260 mg/kg total mercury. 

5 .  	 High mercury subcategory 2260 mg/kg total mercury - contains 
mercury and organics (and are not incinerator residues). 

6 ,  	 High mercury subcategory 2260 mg/kgtotalmercury - inorganics
(including incineration residues and residues from retorting
of mercury). 

7. Low mercury subcategory c260 mg/kg total mercury. 

8. 	 Low mercury subcategory c260 mg/kg total mercury - residues 
from retorting of mercury. 

9,  	 Low mercury subcategory e260 mg/kg total mercury - that are 
not residues from retorting of mercury. 

10. Light ends subcategory. 


11. Spent filters/aids and desiccants subcategory. 


12. High Zn subcategory. 


13. Low Zn subcategory. 


14. In TCLP extract. 


15. Radioactive hazardous mixed waste. 


NR Not regulated. 


SDR Regulated by solvent/dioxin rule. 


TS Treatment technology specified. 


Not on BDAT list but regulated. 


( )  Numbers i n  parenthesis refer to thirds. 
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